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Patency of the ductus arteriosus usually allows entry of blood from the aorta into the low- 
pressure pulmonary circulation and is associated with a fairly constant clinical picture. In recent 
years atypical cases have been reported, in which one or more of the usual clinical features have been 
missing, most commonly the continuous murmur. Investigations made on such cases during life 
have shown that there was pulmonary hypertension associated with patency of the ductus arteriosus 
(Dushane and Montgomery, 1948; Myers ef a/., 1951); in others, raised pressure in the pulmonary 
circuit was inferred merely from autopsy findings (Chapman and Robbins, 1944; Ulrich, 1947). 

Gross pulmonary hypertension associated with patent ductus and cyanosis of the patient has 
been reported by Douglas ef al. (1947), Pritchard et al. (1950), and Campbell and Hudson (1950, 
1951). In only three reports, however, are physiological data complete enough to substantiate a 
right to left shunt through the ductus to account for this cyanosis (Johnson et a/., 1950; Dammann 
et al., 1953; and Hultgren et al. 1953). 

In the present case cyanosis was present from birth, a machinery murmur was never heard, 


gross pulmonary hypertension was present, and clear proof was obtained during life that blood 
flowed through the ductus from the pulmonary artery to the aorta. The purpose of this account 
is to emphasize the significance of this syndrome and to stress the inadvisability of operative closure 
of the ductus. 


CASE REPORT 


The patient, aged 19 years, was born of a full-time normal pregnancy. From birth it was noted that her 
colour was bluish and this continued; she started at a special school at the age of 6 years. Throughout her 
life she was breathless on even slight exertion, but this became worse at the age of 17 years. Also on exer- 
tion from the age of 13 years she felt a tightness in the chest over the precordial area. If she rested, these 
symptoms passed off rapidly, but if she forced herself to carry on in spite of them, she became bluish in 
colour. She always felt tired. 

There was no history of pulmonary infections or rheumatic attacks. She had scarlet fever at 2 years, 
mastoiditis at 17 years, and convulsions up to the age of 12 years. None of her eight siblings had apparent 
congenital defects. 

The patient was poorly developed, of gracile habitus, and weighed 90 Ib.; there was no scoliosis. Slight 
cyanosis of the lips, fingers, and toes was present and there was fullness of the nail beds of the fingers and 
carly clubbing of the toes. No difference in the degree of cyanosis at these sites was noted. She had a 
vell marked malar flush of the type often associated with mitral stenosis. Blood pressure was 95/60 in 
the arms and there were pulsations in both femoral arteries. The pulse rate was 60 a minute, regular in time 
and force. The heart was not enlarged. No thrill was felt. The second heart sound was split and 
accentuated at the pulmonic area. There was a blowing murmur throughout systole heard down the left 
sternal border and maximal at the inner end of the third left interspace. The lungs were clear. Red 
blood count was 4:5 millions per cu. mm., hemoglobin 13-8 g. and hematocrit 45 per cent. 

A phonocardiogram showed a systolic murmur and a very short early diastolic murmur at the base, 

ut four days later a systolic murmur only. The examination was carried out with the patient at rest, after 
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exercise and lying on her left side. Electrocardiograms showed right axis deviation and right ventricular 
preponderance (Fig. 1). 

X-ray and fluoroscopic examination confirmed that the heart was not enlarged in its transverse diameter 
and the cardiothoracic ratio was 45 per cent (Fig. 2). The pulmonary conus was dilated and showed 
expansile pulsation. Pulmonary arteries were present on both sides. The lung fields were vascularized 
within normal limits. The right ventricle appeared to be enlarged. 
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Fic. 1.—Electrocardiogram showing right axis deviation and right ventricular preponderance. 


At cardiac catheterization the left main pulmonary artery was entered. On withdrawing the catheter 
slightly and again advancing, the aorta was entered and the catheter passed down to the upper abdominal 
aorta. The data obtained from this procedure were as follows: 


Site Mean pressure (mm. Hg) —_O>2 content (Vols. per cent) 

Sup. vena cava .. ne Ks a ae 6°5 : 
Right atrium... fs a 5-0 10-0 
Right ventricle (outflow tract) 44:0 9-8 
Left main pulmonary artery (1) at ductus and 

(2) beyond ductus . 72:0 and 72-0 10-4 and 10-2 
Aorta (1) at ductus and (2) abdominal aorta 72:0 and 72-0 13-0 and 12:4 
Femoral artery . ae 95/60 (sphygmomanometer) 12-0 (67 per cent saturated) 
Oximeter reading from forehead ea ce ee i as .. 90 per cent saturated 
Capacity ; a3 us Se = aes ae «. £60 
Pulmonary blood flow we i a af ne = .. 2-5 litres/min./sq. m. body surface 
Maximal systemic blood flow “ Re Be se od, .. 6-0 litres/min./sq. m. body surface 
Maximal venous-arterial shunt ; .. 3-5 litres/min./sq. m. body surface 
Minimal pulmonary arteriolar resistance (corrected for hematocrit) .. 14mm. Hg/litre/min./sq. m. 


These findings were interpreted as indicative of a patent ductus arteriosus situated at the common site, 
the aortic opening being just distal to the left subclavian artery. The pulmonary artery pressure was such 
that blood was apparently passing into the aorta causing the lowered oxygen content in the blood to the 
lower part of the body. 

After rest in bed for a week, the patient’s colour appeared to improve and in addition to the systolic 
murmur a soft early diastolic one became audible at the inner end of the left third intercostal space. 
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Fic. 2.—Teleradiogram of the heart. There is prominence of the main 
and right pulmonary arteries. 


Left lateral thoracotomy was performed by Mr. W. A. Mackey. The pulmonary artery was 35 mm. 
external diameter while the aorta at the arch was 25 mm. The descending portion of this latter vessel was 
20 mm. in external diameter. There was a large ductus present at the usual site. The duct was short and 
about 7-5 mm. in its outside diameter. The pulmonary artery mean pressure was 89:5 mm. while that in 
the aorta was 88-0 mm. Hg. Temporary occlusion of the ductus was carried out for a period of 15 minutes, 
during which time the mean pressure in the pulmonary artery fell to 54-5 mm., while the mean aortic pressure 
was 80 mm. This was interpreted as indicating that the vascular changes in the pulmonary bed were 
probably not fixed. The ductus was then permanently ligated. There was no thrill in the ductus area 
before or after ligation. The tip of the lingula of the left lung was removed for histological examination. 


She recovered satisfactorily from the anesthetic but about 9 hours later became restless, then 
rapidly comatose. Auricular fibrillation developed and shortly thereafter death occurred. 
Post-mortem Examination. This was carried out 36 hours later (Dr. J. A. Milne). The thoracic 
zans were removed en masse. The lungs were moderately inflated with bellows and the 
pulmonary artery perfused with normal saline. Then a warm barium gelatine emulsion was run 
into the pulmonary artery at a pressure of 100 cm. of water. When the gelatine was set the lungs 
were X-rayed. The specimen was then fixed in 5 per cent formalin and examined in detail after a 
few days. 
The pleural surfaces were normal and there was no gross disease of the lung parenchyma. The 


oO} 





236 GEORGE SMITH 


pulmonary arteries were dilated and sclerotic but no abnormalities were found in the pulmonaiy 
veins. The bronchial tree appeared normal. 

The right ventricle, though somewhat dilated, was hypertrophied, the wall measuring 10 mm. in 
thickness while that of the left ventricle was 15 mm. thick (Fig. 3). The atria appeared normal. 
No abnormal intracardiac communication existed. The heart valves, the endocardium, the heart 
muscle, the epicardium, and the coronary arterial tree showed no abnormality. 






i\| Patent Ductus 
ayy Arleriosus 





FiG. 3.—Sketch to illustrate the relative size of the pulmonary artery and the 
aorta. The right ventricular wall is thickened. 


The main pulmonary artery measured 30 mm. in diameter while the ascending aorta was 20 mm. 
Between the left main pulmonary artery at its origin and that part of the aortic arch just distal to 
the origin of the left subclavian artery there was a short ductus completely occluded by surgical 
ligatures. Just beyond the ductus the aorta measured only 15 mm. but there was no localized 
constriction in the vessel. 

At both the aortic and pulmonary ends of the ductus there were a few small scattered plaques 
of atheroma but no “ jet ’’ lesion of the intima of either of these vessels existed in the ductus are: . 
The intima of the aorta and the pulmonary artery together with its larger branches were free «! 
macroscopic atheromatous change. 

No significant abnormality was found in the rest of the body. 

The lung biopsy and tissue from al! lobes removed post mortem were examined microscopical ' 
and all showed the same lesions. The alveolar walls, capillaries, and veins appeared norma). 
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the larger elastic pulmonary arteries there was medial thickening with early intimal atheromatous 


ange. The larger muscular arteries showed no apparent abnormality. The medium-sized ones 
-re the site of intimal thickening with subintimal fibrosis and reduplication of the internal elastic 


nina while the smaller muscular arteries showed these changes to a relatively greater extent 


| ig.4 and 5). In the arterioles, the intimal thickening in places almost occluded the lumen. 


Fic. 4.—On the left a small muscular pulmonary artery shows marked subintimal fibrosis; the arteriole to the right 
of the field shows thickening of its wall. (Haematoxylin and eosin, x 200.) 


A most striking feature was the presence of thrombosis of the medium and smaller arteries often 
their origin from a larger branch (Fig. 6). All stages from recent occlusion to reorganization of 
‘se thrombi existed. In the proximity of some of these vessels thin-walled, endothelial-lined 


lood spaces were seen. These resembled angiomata of the cavernous type, but their significance 


a’ such that blood could flow from the pulmonary artery into the aorta. 


incertain. 
In the area of the ductus, the walls of the ductus and its pulmonary artery end showed early 
ieromatous degeneration with the endothelial covering still intact. No thrombi were seen. 


DISCUSSION 


The evidence in the present case seems adequate to substantiate a right to left shunt through 
ductus. The difference in oxygen saturation between the blood to the head and that to the lower 
rt of the body indicates admixture of venous blood with that in the aorta at some point distal 
the origin of the vessels to the head, and the only communication found at this site was a patent 
Ctus arteriosus. The pressures in the pulmonary artery both at catheterization and at operation 
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Fic. 5.—Section to show smaller muscular pulmonary arteries. There is an increase of elastica and subintimal 
fibrosis. (Weigert, x 200.) 


Calculation of the minimal pulmonary arteriolar resistance (assuming a maximal pulmonary 


vein mean pressure of 35 mm.) shows that this is three times the value obtained in the usual type of 


ductus case. Since there is neither gross nor microscopic evidence that the pulmonary vein mean 
pressure should have been other than normal, the pulmonary arteriolar resistance may have been 
at least seven times greater than that found in the usual case of the patent ductus arteriosus. 

Further evidence of increased resistance in the arterial bed is afforded by the X-ray examination 
of the injected lungs and by the state of the arteries and arterioles on histological examination. 
Instead of the normal branching pattern, the injection mass stops abruptly in arteries corresponding 
in size to these muscular arteries seen to be the site of thrombosis in the histological sections (Fig. 6). 
This occlusive process is widespread. The histological evidence of hyperplastic arteriolar sclerosis 
is probably of greater significance. 

As to the cause of the pulmonary hypertension, four possibilities exist. 

(1) In the beginning the case may have been merely one of patent ductus and the pulmonary 
hypertension may have resulted subsequently from prolonged increase in the pulmonary blood flow. 
The onset of symptoms early in life together with persistent cyanosis from birth make this improbable. 
Furthermore, the changes seen in the vessels are quite different from these in the usual type cf 
patent ductus even where this channel is large and the pulmonary blood flow great. Thus Welc) 
and Kinney (1948), found that the pulmonary arterial tree did not differ from that in normal contro!s 
in 24 of 25 cases of large patent ductus: it is significant that the exception was the case described 
previously by Chapman and Robbins in which pulmonary hypertension was present. 

(2) The second possibility is repeated thrombosis or embolism in the smaller pulmonary arterie:. 
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Fic. 6.—Section of medium-sized pulmonary artery showing medial hypertrophy and recent thrombus in the vessels 
to the right of the field. (Haematoxylin and eosin, x 100.) 


Since the site of occlusion is frequently at a point where a smaller artery branches off a larger trunk 
embolism seems more likely. In the absence, however, of endarteritis, endocarditis, polycythemia, 
and a failing heart, the source of such emboli is unknown; eddy currents in the vicinity of the ductus 
may have contributed to their formation. Whatever the origin of these thrombi, it is considered 
that they are secondary phenomena in an already existing pulmonary hypertensive state, although it 
is known that multiple pulmonary emboli can produce pulmonary hypertension (Castleman and 
Bland, 1946). It appears certain that such a process contributed to the degree of pulmonary hyper- 
tension by gradually diminishing the cross-sectional area of the pulmonary arterial bed. Further, 
there is ample histological evidence that the process was a continuing one. 

(3) Continuing attacks of pulmonary arteritis is the third possible cause for the pulmonary 
hypertension. While these occur in some cases with pulmonary hypertension as distinct from the 
‘arteritis *’ set up by lodging of emboli in the pulmonary arterial tree, the very early onset of 
symptoms in the present case render this most improbable. 

(4) The fourth possibility is that some congenital or neonatal mechanism exists wheveby the 
‘qual pressures in the foetal systemic and pulmonary circulation persist into postnatal life. The 
rganic changes of pulmonary hypertension would then follow. This thesis appears the most 
ittractive in the present case, Further, since the vascular changes are progressive such a hypothesis 
can be applied to these cases of reversal of flow in the ductus where the onset of cyanosis occurs, 
not at birth, but later in life. 

If such a cause for the pulmonary hypertension be accepted, operation must be withheld where 
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there is evidence of reversal of flow through a ductus arteriosus in the light of the present case and 
Case 2 of Dammann ef al. The ductus is persisting because of the congenital pulmonary hyper- 
tension, and serving as a safety valve for the right heart. This is in contrast to the cases of 
pulmonary hypertension with patent ductus but without evidence of right to left shunt. In these 
the ductus can be closed without immediate mortality, and such closure may be beneficial in the 
long run by diminishing the pulmonary blood flow, but further long-term observation of operated 
cases is needed to prove this. 

The slight fall in mean aortic pressure on occlusion of the ductus can be explained on the basis 
of less blood passing into the aorta. The marked fall in pulmonary artery mean pressure must 
have resulted from two factors. Either the output of the right heart became less from the sudden 
extra load thrown on it or the vascular resistance in the pulmonary bed decreased. The former is 
more likely in view of the patient’s death nine hours after closure of the ductus and the pathological 
findings. It may be that both factors played a part. 


SUMMARY 


A case of pulmonary hypertension with patent ductus arteriosus is presented. It is believed 
that the pulmonary hypertension was congenital in origin. 

The murmurs were atypical and the patient showed intermittent cyanosis from birth. It is 
demonstrated that reversal of flow through the ductus occurred. Closure of the ductus in such 
cases may be fatal. 


I wish to thank Dr. J. D. O. Kerr for the electrocardiographic and phonocardiographic records. 
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Since Einthoven designated the first positive wave of the electrocardiogram the P wave, there 
have been many papers that discuss its various aspects. Early interest was directed more to 
its behaviour in arrhythmia and to its use for measuring disturbances of conduction. With further 
knowledge of electrocardiography, interest changed from the atrial tracing to the more obvious 
ventricular tracing. In recent years, however, with the introduction of surgery for the relief of 
certain congenital and acquired cardiac lesions, and the advent of newer methods in diagnosis, 
interest has once again turned to the rather neglected atria and methods for detecting their normal 
function and disturbances. 

With the development of electrocardiography, standards of recording improved within the scope 
of the technical limitations of the apparatus, and since the ventricular tracing was more important, 
standardization of voltage and paper-speed most suitable for an acceptable QRS tracing was 
adopted. While these established criteria allowed a regular recording of the P wave, it was not 
expected to be anything more than a relatively simple convex positive wave. Though irregularities 
were noted and associated empirically with cardiac lesions such as mitral stenosis, there was no 
clear understanding of the nature and mechanism of the atrial activation process and its relation to 
the P wave. Recently, following the use of more sensitive means of recording, better frequency 
response, faster paper-speed, and intra-cavity, cesophageal, and epicardial leads, the true nature of 
the atrial wave has been delineated. 

This more accurate recording of the atrial activity has been done in both animals and man 
using different methods, and all have produced a fairly consistent tracing (Kisch, et al. 1947; 
Hecht and Woodbury, 1950; Oblath and Karpman, 1951; Endelberg, 1951; Wenger and 
Hofmann-Credner, 1952). It has shown a diphasic tracing (plus-minus) with a marked intrinsic 
deflection. Such a tracing is considered to represent the electrical activity in one atrium. It has 
also been shown that the two atria are asynchronous in their contraction (Fredericq, 1906; 
Bachmann, 1916; Levine et al., 1949). Using esophageal leads to record left atrial activity, and 
epicardial or intra-cavity leads for right atrial activity, it was found that while the pattern in both 
was similar the left atrial pattern followed that of the right at an interval of 0-03 to 0-04 second 
(Groedel and Borchardt, 1948; Wenger and Hofman-Credner, 1952; Reynolds, 1953). A compari- 
son of P waves in direct leads with those in standard limb and chest leads by Hecht and Woodbury 
(1950) revealed a similar though less pure pattern in the latter, depending upon the distance the 
electrode was from the atria. They also demonstrated that the first part of the P wave is derived 
from right atrial activity, and the second part from left atrial activity, both in health and disease. 

In the standard electrocardiogram, because of the distance of the electrode from the atria, 


* Present address: Sacramento Medical Clinic, Sacramento, California. 
+ Present address: Montreal General Hospital, Montreal, Canada. 
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lesser sensitivity, and slower paper-speed, the details seen in direct recordings become blunted, 
but some details of both the intrinsic deflection and of separate atrial activity due to asynchroniza- 
tion can usually be detected in the normal tracing if carefully observed. It is the purpose of this 
paper to record the measurements and contours of P waves in standard limb and chest leads in 
health and in heart disease to see if a better understanding of right and left atrial activity could be 
noted for use in clinical electrocardiography. 


METHOD AND MATERIAL 


A total of 345 normal and abnormal cases were selected on a clinical basis according to the 
criteria listed below. The P waves were measured and carefully analysed with special attention 
given to their configuration. No record showing evidence of abnormal rhythm, rate, or conduction 
was selected as it was desired to exclude their direct or indirect effects on the P wave. All records 
were taken by a Cambridge string-galvanometer electrocardiograph with photographic recording 
and were devoid of muscle tremor. 

The machine was standardized so that a current of | millivolt produced a deflection of | cm., 
and major time markings were 0-20 sec. apart. The leads taken included the standard limb leads I, 
II, 111, with ILR (lead II in deep inspiration) and the chest leads CRI, CR4, and CR7. 

There were 100 healthy adults (63 men and 37 women) selected from cases sent to the cardiac 
department for routine examination. A _ history, clinical examination, and cardioscopy were 
performed on each patient and heart disease and common diseases that might affect the heart 
were excluded. There were 71 cases of pure mitral stenosis who showed mid-diastolic and pre- 
systolic murmurs, a relatively small heart, and an enlarged left atrium on cardioscopy. They 
were subdivided as follows: asymptomatic or minor symptoms, 24 cases; moderately incapacitated 
with breathlessness, 23 cases; severely incapacitated, 24 cases. Also there were included 10 cases 
that had, in addition to mid-diastolic and pre-systolic murmurs and an enlarged left atrium, 
generalized cardiac enlargement, and associated lesions such as considerable mitral incompetence 
or aortic incompetence. In the selection of cases for this group, it was found that a large number, 
especially those with giant left atria, had atrial fibrillation and could not be assessed for P wave 
activity. Cases of hypertension were studied and 61 were selected and belonged to the following 
groups: raised blood pressure without evidence of cardiac enlargement, 25 cases; hypertension with 
definite evidence of left ventricular enlargement, 24 cases; hypertensive heart failure, 12 cases. 
To be included in any group the minimal level of blood pressure was 180 systolic and 110 diastolic. 
There were 39 cases of pulmonary disease divided as follows: marked emphysema causing respira- 
tory distress, but not showing heart failure, 24 cases; emphysema with heart failure, 11 cases; 
primary pulmonary hypertension, 4 cases. Fifty cases of congenital heart disease were selected 
and divided as follows: pulmonary stenosis, 10 cases; atrial septal defect, 13 cases; ventricular 
septal defect, 15 cases; patent ductus arteriosus, 12 cases: in those cases in which a diagnosis 
was not obvious from examination and other clinical studies, catheterization had been carried out 
to help correct interpretation. Thirteen cases of constrictive pericarditis were included. 

It was the purpose of this investigation to study standard limb and chest lead electrocardiograms 
in both healthy patients and those with heart disease, and to compare this information with that 
received from direct recordings. From this we hoped to gain a truer understanding of the meaning 
of the different shape of P waves, as well as test the evidence for separate atrial activity in the 
standard electrocardiogram. Since diphasic and pointed waves resemble the direct and ceso- 
phageal recordings, slightly modified by the distance of the electrode from the atria, it was felt 
that these waves represent activity of one atrium. Also because of asynchronization of atrial 
response, the bifid wave was regarded as giving the truest representation of bi-atrial activity. We 
therefore analyzed the P waves for configuration noting in which lead each type occurred most 
commonly, and in the case of bifid waves, which peak was the more prominent. We later correlated 
this information with the various disease groups in which the strain on the individual atrium was 
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‘ Fic. 1.—P wave configuration found in health and in heart disease. 
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known, to test the presence of single or combined atrial involvement. Four major types of deformity 
were found, namely: bifid, diphasic, pointed, and convex (Fig. 1 and 2). Three types of bifid waves 
were recognized: first peak type, where the first peak was higher; equal peaks type, where both peaks 
were equal; and second peak type, where the second peak was higher. Hereafter, bifid waves will 
be referred to by these types. The duration between peaks for every bifid wave was also recorded. 
This measurement is referred to as the peak interval. A further group of blunted waves was also 
| seen and classed as: slanting downstroke (similar to first peak type), flat-topped (similar to equal 
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peaks type), and slanting upstroke (similar to second peak type). This blunted or impure group 
of bifid waves was less common and so listed after the pure and more common group. 
} The second main type of wave was the diphasic deflection resembling the true intrinsic deflection 
seen with direct recording. (A possible variation of this, a diphasic (minus-plus) deflection, was 
considered initially, but was excluded after it was found that it did not occur in our series.) Next, 
a pointed wave was recognized, being one with only one point to its apex and with no negative 
component. It was felt that the pointed wave, especially when narrow, represented activity of 
| one atrium, and when wider, represented both atrial waves superimposed, but with one of them 
predominant. The simple convex type was next examined, and considered to be a reflection in 
blunted form of the equal peaks type of bifid wave. Though the convex wave was less pure than 
) the other main types it was very common and thus included as a major group. 

The last two varieties considered were isoelectric and negative. The former was considered 
present when a perfectly smooth baseline was uninterrupted in that lead where the P wave would 
be expected, and with the presence of P waves in other leads which, though not synchronously 
recorded, would practically rule out the possibility of sino-atrial block. A negative deflection was 
taken as one whose excursion extended only below the baseline and could be of any configuration. 

The P waves were studied for height (to the nearest 0-5 mm.) and duration (to the nearest 

' 0-01 sec.). The top of the T—-P segment was used as the base line for measurements of height. The 
} internal distance of the P wave on an extension of the bottom of this line was used for measurements 
of duration. 
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Fic. 2.—Examples of P wave configuration found in health; A Diphasic; B Convex; C Pointed; 
D First peak type of bifidity; E Equal peaks bifidity; F Second peak bifidity. 


The misinterpretation of a U wave for the sharp first peak of a bifid wave was not a problem. 
Nor was it a problem with the T wave, since all records studied had a normal rate and P-R interval. 
We did not find the Ta wave to be of significance in our series. 

After a standard of normal had been set up from our series and from data previously published, 
the records in the disease groups were re-studied. The incidence of the types of abnormal waves 
found in the various leads as well as their correlation with the disease patterns was analysed. From 
this information, criteria were established for evidence of right, left, and combined atrial 
abnormality. 


RESULTS 


In Health. Of all P waves recorded in this group, 49 per cent were convex in shape, 23 per cent were 
pointed, and 15 per cent bifid. These latter figures are in general agreement with Leatham (1950) who used 
CR leads and found bifid waves in 17 per cent. Using only limb leads Lewis (1912) found 30 per cent, 
White er al. (1944) 35 per cent, and Graybiel (1944) 28 per cent. In addition, we found a small scattering of 
other varieties, including 4 per cent diphasic, 2 per cent negative, and 7 per cent bifid waves which were 
impure. 

A bifid wave was present in one or more leads in 82 per cent of normal electrocardiograms. It tended 
to occur in two or more leads, but appeared most commonly in lead CR4. The first peak type of wave was 
most common in CRI, 47 per cent, and in CR4, 30 per cent, while it never occurred in CR7. Waves with 
equal peaks occurred most frequently in chest leads; CR4, 27 per cent; CR1, 19 per cent; CR7, 15 per cent. 
Second peak type waves were found most frequently in CR4, 33 per cent; CR7 had 19 per cent; there were 
none in CRI. The P waves in CRI were most commonly first peak type or pointed, with a diphasic type 
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of deflection in 4 per cent, but never negative. The waves in CR4 were usually bifid of all types, or convex, 
but never diphasic. CR7 showed most commonly a second peak type, pointed, or convex, but never first 
peak type or diphasic. Chest leads were best to display bifid waves, and since first peak type and diphasic 
waves occurred exclusively in right chest leads and second peak type exclusively in left chest leads, they were 
also the best places for the study of single or bi-atrial activity. In all these normal P waves the bifid variety 
was best and most frequently seen in CR4, which showed 52 per cent of all bifid waves. The tallest P wave 
was most frequently and best seen in lead II, 49 per cent; and next in CR4, 28 percent. The average interval 
between peaks in all bifid P waves was 0-036 sec., with a range of 0-02-0-04, and never longer than 0-04 sec. 
This is in agreement with a previous report (Lepeschkin, 1951). The interval was longest in CR4. 

In leads I and II the P wave was most commonly convex or pointed and never negative. Both III and 
IIIR showed convex, diphasic, isoelectric, and negative deflections as normal variations. Negative waves 
occurred most commonly in leads III and IIR. 

The average height of the P wave for all leads was 1-3 mm., ranging from 0-0 to 3:0 mm. Most were 
under 2-5 mm. There were only 1-7 per cent that were over 2°5 mm. This is in agreement with other 
authors (Sorsky and Wood, 1937; Wood and Selzer, 1939; Deeds and Barnes, 1940; Wilson, 1943; White 
et al. 1944; Graybiel et al., 1944; and Leatham, 1950). We found the maximum height in lead I to be 
2:0 mm., in lead CR1, 2:5 mm., and in leads II, III, IIR, CR4, and CR7 to be 3:0 mm. 

The average duration of the P wave for all leads was 0-063 sec., with a range of 0:03-0:10 sec., and with 
no significant variation in the various leads. Most authors agree with this (Sorsky and Wood, 1937; 
White et al., 1944; and Stewart and Manning, 1944). Some (Shipley and Hallaran, 1936; Ashman and 
Hull, 1937; and Graybiel et a/., 1944) found a slightly higher maximum, above 0-10 sec., in a small number 
(2:7%, 1%, and 2:4% respectively). We found in health that no P wave in any lead was ever more than 
3-0 mm. high, 0-10 sec. in duration or, when bifid, more than 0-04 sec. between peaks. 

Mitral Stenosis. In the mitral stenosis group with a small heart and minimal symptoms, 12 of the 24 
cases showed abnormal P waves. All of these showed a second peak type wave in CR7 (Table 1). In 
CR4 there were 10 abnormal waves; these were mostly equal or second peak in type. Two cases showed, in 
addition, abnormally pointed waves in CRI. There was also an increase in the average peak interval, 
0:06 sec., with a range of 0:03-0:08 sec. In the mitral stenosis group with a small heart and moderate 
symptoms, the average peak interval was increased to 0-06 sec., with a maximum of 0:10 sec. The greatest 
number of bifid waves, as well as the largest average peak interval, occurred in CR4. The average height 
was increased to 1-9 mm. with a maximum of 8-0 mm. The average duration was increased to 0-082 sec. 
with a maximum of 0-13 sec. Nineteen of the 23 cases showed abnormal P waves. In CR7 14 showed 
second peak type and 3 were of the equal peaks type. In CR4 they were bifid of all types and, in addition, 
in CRI there were 3 abnormally pointed, 2 diphasic, and one of first peak type. In the mitral stenosis 
group with a small heart and severe symptoms there was a larger total of bifid waves, 34 per cent, with an 
increase in the incidence of the first peak type to 15 per cent. The average peak interval was increased 
to 0:065 sec. Twenty-three of the 24 cases showed abnormal P waves. Of these abnormal waves CR7 
showed 14 second peak type, 7 equal peaks type, and one pointed. Lead CR4 showed bifid waves of all 
types and, in addition, in CR1 there were 6 pointed and 5 diphasic waves. The mitral stenosis cases with a 
large heart showed the same general pattern as the above. The total number of bifid waves increased again 
to 46 per cent and diphasic waves occurred a little more commonly, 12 per cent; most of them in CRI. 
The average peak interval was 0-062 sec. All 10 cases showed abnormal P waves. There were 9 abnormal 
second peak type waves in CR7. Bifid waves of all varieties occurred in CR4 and, in addition, in CRI 
there were 3 pointed and 2 diphasic waves. 

Hypertension. There were no abnormalities noted in the groups with and without left ventricular 
enlargement. In the hypertensive heart failure group, 3 of the 12 cases showed abnormal P waves. In 
CR7 two were of second peak type and one was of the equal peaks type. One abnormal diphasic wave 
occurred in CRI. 

Pulmonary Disease. There were few significant findings in the two groups of emphysema. The only 
abnormal waves occurred in the emphysema with failure group and these were in two patients with clinical 
evidence of pulmonary hypertension who showed abnormal diphasic waves in CRI. There were not 
enough cases of primary pulmonary hypertension to draw conclusions, but it was interesting to note that 
all 4 records were abnormal. The average height was increased to 2:°3 mm. with a range of 0-5-6:0 mm., 
the tallest average being 3-9 mm. in lead CRI. The duration of the P waves was normal. There was an 
increase in pointed waves to 79 per cent (normal 22:6%). These occurred in all leads almost equally, 
with especially tall and pointed ones in CRI. Of the 4 abnormal records, 3 were tall pointed waves and 
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TABLE I 


INCIDENCE OF THE SPECIFIED P WAVE DEFORMITY (EXPRESSED AS PERCENTAGE) IN THE THREE CHEST LEADS IN 
100 HEALTHY SUBJECTS AND IN 245 PATIENTS WITH HEART DISEASE 





Bifid P waves 























































































































Pointed | Diphasic |— l | Prolonged 
Clinical state Pwaves | Pwaves | First peak | Equal peaks | Second peak| . Peak 
type type type interval 
| | (over 
| OE OE OS Oe ee ee | 0:04 sec.) 
CRI|CR4|CR7ICRICR4CR7ICRIICR4CR7ICRIICR4CR7ICRICRAICRT 
Inhealth .. .. ..| 0| 0| 0| 0} 0/0) 0] 0/ 0/0] oj of o| oj o 0 
Mitral stenosis: ; | || | | 
Pure— 
Mild symptoms ..| 8| 4] of 0f 0} o| of 4] 0|] 0/20 0 | 17 | 46 50 
Moderate symptoms .. | 12} 0| 0} 8| 0) 0 | 4/17/ 0/ 0 12 | 13| O | 26} 61 83 
Severe symptoms .. | 24] 4] 0/20) 0} O | 0} 17} O | O | 25 | 29] O | 29 | 60 96 
Great heart enlargement 30; 0/| 0 | 20; 0/0); 0 | 20; 0/0 8; 0| 0 | 0 | 90 100 
Hypertension: | | | | | | | 
Without heartenlargement| 0| 0| 0| 0| 0 | 0! 0! 0/0/00] 0] 0} 0] 0] 0 0 
With heart enlargement | 0| 0/ 0| 0/ 0/0) 0} 0| 0/0} 0; 0| 0 | 0} 0 0 
With heart failure -.| 0| 0} 0} 0/0 | 0} 0} 0} 0/0] 0; 8] 0} 0/16 24 
Emphysema only a | 0 | 0 | 0 | 0} 0/0 | 0 | 0/0 | 0 0! 0 0 | 0| 0 
Emphysema; heart failure | 0 | 0} 0] 18] 0} 0} 0} 0} o /0/ 0/ 0/0} 0} 0 0 
Primary pulmonary hyper- | | | | | | | | 
tension... "| 15 | 0 | 25 | 25 | 0 0} 0) 0) 0)0/ 0| 0} o| 0} o| 0 
Pulmonary stenosis... | 50| 30/10) 0, 0 | 0/20] 0/0} 0| 0/ 0| o| 0| 0 0 
—_ ae eee | Reale | ae 
Atrial septal defect | 8[ 0] 0) 8}0]0/ 0) 0)0/0] 0) 0/0} 0 o 0 
2 Se ee ee ee Se ee ee ee ee wee 
Ventricular septal defect 71 0 0 | 0/0 | 0| 0} 0}/0/0); 0} 0} 0} 0| o 0 
Patent ductus arteriosus .. | 0| 0/| 0| 0 0| 0) 0} 0} 0)0} 0) 0/0} 0} o 0 
| | | | | 
Constrictive pericarditis .. | 0| 0 0 | 0} 0} 0} 21| 7} 0 | 0 | 64/14/ 0 7 | 56 85 














one was diphasic in CR1. There were two abnormally pointed waves in CR4 and one in CR7, but of lower 
voltage than in CRI. 

Congenital Heart Disease. In pulmonary stenosis there was an increase in the average height of the P 
wave from the normal of 1-3 to 2:1 mm., the highest average occurring in CR4. The range was 0-5- 
5-0 mm. There was an increase in the number of pointed waves (50%) occurring fairly frequently in all 
leads, but most commonly in CR1. Seven of the 10 cases showed abnormal P waves. Of these, 5 were tall 
and pointed in CR1, and 2 were of the first peak type. There were three abnormally pointed waves in 
CR4 and one in CR7, but of lower voltage than those in CR1. In atrial septal defect the peak interval was 
increased, the average being 0-054 sec., with a range of 0-03-0-07 sec. Two of 13 cases showed abnormal 
P waves; one being pointed and one diphasic in CR1. In ventricular septal defect, one among 15 was 
abnormal; this was a tall pointed wave in CR1. No abnormal P waves were found in the patients with 
patent ductus arteriosus. 

Constrictive Pericarditis. There was a definite increase in the number of bifid waves (40:5%). There 
were 19 per cent of the second peak type, which were most common in leads II and CR7. The average 
peak interval was increased to 0-061 sec., with a range of 0-03-0-09 sec. Eleven of the 13 showed abnormal 
P waves. In CR7, eight were of the second peak type and two were of the equal peaks type. In CR4, 
nine were equal peaks type, one second peak type, and one first peak type. In CR1 three showed tall first 
peak type waves and also four others that were of normal voltage, but with a long peak interval. 

The tallest waves in the series occurred in pulmonary stenosis and moderate and severe mitral stenosis. 
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The greatest average duration occurred in moderate and severe mitral stenosis as well as in those cases of 
nitral stenosis with large hearts. The average P wave duration was not significantly increased in the other 
cases in the series. Bifid P waves occurred most commonly in cases with mitral stenosis and large hearts 
(45%) and in constrictive pericarditis (40-5%). 

The first peak type wave was seen almost exclusively in CRI and CR4. The second peak type was seen 
nost commonly in lead CR4 and often in CR7 and II. A prolonged peak interval (greater than 0-04 sec.) 
was found in all abnormal records of cases showing abnormality of the left atrium. This occurred in all 
abnormal records of mitral stenosis, hypertension with heart failure, and constrictive pericarditis (Table I). 
he peak interval was normal in all cases showing strain on the right atrium; namely, emphysema, pulmonary 
hypertension, and pulmonary stenosis. 

The incidence of pointed waves was highest in pulmonary hypertension (79%) and next highest in 
pulmonary stenosis (50%). There was no significant correlation between the incidence of convex, impure 
bifid, isoelectric, or negative waves in the various disease patterns. 

Lead CR4 was found to show by far the highest incidence of bifid P waves and longest peak intervals, 
and leads II and CR4 showed the highest incidence of the tallest wave in all leads. 

In each disease group the abnormal waves in CRI were either first peak type, pointed, or diphasic 
(Table 1). No abnormal equal or second peak type waves occurred in this lead. In CR4 the abnormal 
waves were almost entirely bifid of all types with some abnormally pointed waves. There were no diphasic 
waves in this lead. In CR7 all abnormal waves were either second peak type, equal peaks type, or 
pointed. There were no first peak type or diphasic waves in this lead. There were no abnormal convex 
or negative waves in any of the chest leads. Though some abnormal waves of most types occurred in the 
limb leads they were less pure, occurred with less frequency, or were absent unless in the chest leads. 

In pulmonary stenosis and pulmonary hypertension where the strain was known to be on the right atrium 
the P waves were most abnormal in CR1, where they were of high voltage and either pointed, first peak type, 
or diphasic. 

In mild to moderate mitral stenosis where the strain is known to be on the left atrium the P waves were 
most abnormal in CR7 and CR4, where they were usually abnormally tall second peak type and characteristic- 
ally with a long peak interval. Less commonly they showed equal peaks type with a normal voltage but a 
markedly prolonged peak interval. 

In some of the severe mitral stenosis cases with pulmonary hypertension or with cardiac enlargement 
there occurred, in addition to the findings of left atrial abnormality as described above, waves of high 
voltage either pointed, first peak type, or diphasic in CR1, giving evidence of abnormality of the right atrium 
as well. 


DISCUSSION 


Keeping in mind the true P wave pattern as found in epicardial leads, and seeking clearer evidence 
of separate right and left atrial activity in the standard P wave, the cases were selected clinically 
for the presence of single lesions graded according to severity of symptoms, and clinical and radio- 
logical signs, in which it would be possible to assess with some accuracy which atrium was feeling 
the brunt of the disturbance. In tabulating the results it was found that there were no significant 
acts to be derived from the occurrence of convex, bifid of the impure type, isoelectric, or negative 
waves, and that limb leads only served to corroborate the more definite findings in the chest leads. 
However, the occurrence of bifid, diphasic, and pcinted waves, especially in the chest leads, showed 
. definite correlation with the various disease groups. In health the first peak and second peak 
type of waves occurred exclusively in right and left precordial leads respectively. With abnormality 
of the right atrium, first peak type and diphasic waves occurred only in right chest leads: With 
abnormality of the left atrium, second peak and equal peaks type of waves occurred only in left 
chest leads. A prolonged peak interval (greater than 0-04 sec.) occurred in all cases showing 
ibnormality of the left atrium and never occurred in cases showing only abnormality of the right 
itrium. A general, but not always an individual correlation, existed between the size of the atria 
is found on screening and the size of the P wave. 

Hecht and Woodbury (1950) took right direct and intra-atrial and cesophageal leads, as others 
rave done, and found the same pattern of the intrinsicoid deflection. Comparing these with the 
pattern of P in V1, he found it similar, though less pure and with a lower voltage due to the distance 











248 THOMAS AND DEJONG 


of the electrode from the right atrium. He felt that using V leads he was unable to diagnose right 
atrial enlargement. Myers et al. (1947), using V leads, found P waves to be of small amplitude and 
diphasic or intrinsicoid in 32 per cent in V1. Sorsky and Wood (1937) using CR leads found the 
P wave to be always positive. Leatham (1950) comparing CR and V leads agreed with this and 
noted that CR leads gave a higher amplitude and a higher incidence of bifid waves. Thus, it was 
felt that in this study the use of CR leads gave greater ease of interpretation of right as well as left 
atrial activity. 

By comparing the results of the normal series with the types of P waves found in disease patterns 
showing strain on one or both atria, criteria were established for the designation of abnormal P 
waves showing right, left, and combined atrial abnormality. It was felt that evidence of right 
atrial abnormality was present when there occurs in CRI a tall (more than 2:5 mm.) first peak type, 
diphasic, or pointed P wave, especially if the latter is found to correspond in time with the first 
peak of a bifid wave in another lead. Since diphasic waves occurred in our series in only 4 per cent 
in CRI, any marked increase in their incidence, especially if abnormally tall, was felt to be evidence 
of right atrial abnormality. Evidence of /eft atrial abnormality included a tall (more than 3-0 mm.) 
second peak type wave in CR4 or CR7, and/or an abnormally wide peak interval in a bifid wave in 
any lead regardless of voltage. An increased peak interval was taken to be evidence of left atrial 
abnormality since left atrial activation follows that of the right atrium, from which it receives its 
impulse. Right atrial conduction delay might delay the onset of the P wave as a whole, but it did 
not seem to affect the interval. Where single broad P waves are found the bi-atrial responses may 
be regarded as being superimposed, but this seems a function of the vector rather than conduction 
delay in the right atrium. 

Though abnormally pointed waves occurred in a few cases in lead CR7 they were of much lower 
voltage relatively and when considering the electrocardiogram as a unit, obviously represented .a 
reflection of the taller wave in CRI. This was especially evident when it corresponded in height 
with the first peak of a bifid wave in another lead. Hecht and Woodbury (1950), using high volt- 
age and a rapid paper-speed, also showed in mitral stenosis that the negative deflection of the 
intrinsicoid waves in right sternal leads measured out to correspond to the second peak of the bifid 
wave of left chest leads. We agree with this and show as well that the positive aspect of diphasic 
waves and tall pointed waves in CRI, when measured from the Q wave, correspond to the first peak 
of bifid waves in other leads. This aided our evaluation of bi-atrial activity. Evidence of com- 
bined atrial abnormality was taken to be any combination of the evidence of right and left 
abnormality. It was found that the study of the electrocardiogram as a whole, especially the chest 
leads, gave the best picture of single or bi-atrial activity or abnormality. Using the above 
criteria, the various disease groups were studied and the incidence of right, left, or combined right 
and left atrial abnormality were compiled (Table II). 

Since numerous diseases cause atrial abnormality and the specific atrium can be diagnosed in 
the standard electrocardiogram, it is felt that terms such as ** P mitrale,”’ and “‘ P pulmonale ”’ used 
in the past should be replaced by ones denoting the pathological and physiological state similar to 
those used for ventricular abnormality. Thus the terms right atrial abnormality and left atrial 
abnormality are suggested and will be used hereafter in this paper whenever the criteria as listed 
above are met in the diagnosis of right or left atrial abnormality. 

Lewis and Gilder (1912) were the first to note an increased incidence of notched P waves in 
mitral stenosis. Others (Berliner and Master, 1938; Rasmussen and Nyhus, 1948; and Trounce, 
1952) have concurred and noted an increase in amplitude and duration as well, calling the pattern 
‘**P mitrale.”’ Our results are similar to those of previous authors and, in addition, we note that 
with an increase in the incidence of total bifid waves (increasing with severity), there occurs an 
increase of equal and second peak type of bifid waves in CR4 and 7. Asynchronization of atrial 
activation has been noted by many (Fredericq, 1906; Luisada, 1940; Hecht, 1943; Groedel and 
Borchardt, 1948; and Levine et a/., 1949) and recently especially well by Reynolds (1953) who took 
direct right and left atrial records during thoracic surgery. Using patients with carcinoma of the 
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t TABLE II 
| INCIDENCE OF SINGLE AND COMBINED ATRIAL ABNORMALITY (EXPRESSED AS PERCENTAGE) IN 245 PATIENTS WITH 
e HEART DISEASE 
1 
: | | { | | 
‘ | | Single | Si | | al | 
gle Single . | Total | Total | : 
t Clinical state | No. of | right | left pore pa right | left | Becca . 

: | cases | atrial ab- | atrial ab- | oo emality | atrial ab- | atrial ab- yma 
; ; | normality | normality y| normality | normality | 
P ) Mitral stenosis: 
t i; Pure— 

Mild symptoms a ee 24 0 42 8 8 50 50 

’ Moderate symptoms Ss 23 0 57 26 26 83 | 83 
t Severe symptoms 7 ae 24 0 50 50 50 100 | 100 
t Great heart enlargement... 10 0 50 50 50 100 | 100 
- | Hypertension: 
) ' B.P. i ae uP ae Zz 0 0 0 0 0 0 

} Rs ae ‘gis Se soo) ae 0 0 0 0 0 0 
Heart failure .. .. .. 12 0 25 0 0 25 25 
5 Emphysema only .. = os | am 0 0 0 0 0 0 
Emphysema; heart failure ve 11 18 0 0 18 | 0 18 
" Primary pulmonary hypertension | 4 109 0 0 100 0 100 
, Pulmonary stenosis es a 10 | 70 0 0 70 0 70 
r Atrial septal defect be sie i | 15 0 0 15 0 15 
L Ventricular septal defect . . oh 0 q 0 0 7 0 7 
t - eS a ee eee ee es See eee Wesreee ee ee ~ 
' Patent ductus arteriosus .. ts f | 0 0 0 0 0 0 
- Constrictive pericarditis .. ue 14 | 0 62 23 23 85 85 
| | 
> Note the high incidence of right atrial abnormality in pulmonary stenosis and primary pulmonary hypertension, 
; and of left and combined atrial abnormality in mitral stenosis and in constrictive pericarditis. 
bronchus as controls, he found the normal asynchronization to be 0-03-0-04 sec. This was also 
' true in congenital heart disease studied at operation. In patients with mitral stenosis he found an 
; average of 0-05 sec. This is in agreement with the peak intervals of the bifid waves in our series 
' of standard limb and chest lead electrocardiograms; the normal average being 0-036 sec. and in 


| mitral stenosis varying from an average of 0-059 sec. in mild cases to 0-065 sec. in the more severe 
cases. 

In the study of the abnormal P waves in the mitral stenosis groups in our series, it was con- 
sidered that left atrial abnormality was present in 50 per cent of the cases with mild symptoms, 

| n 83 per cent with moderate symptoms, in 96 per cent with severe symptoms, and in 100 per cent 
»f those with large hearts (Table II). The point of most interest was that, in addition to evidence 

f left atrial abnormality in a high percentage of cases in all groups of mitral stenosis, there was 


SS TSS 


-vidence of associated right atrial abnormality in a third of the cases with moderate symptoms and 
n half of the more severe cases and those with large hearts. This was most marked in those cases 
with clinical evidence of pulmonary hypertension (Fig. 3). It is suggested that in a case causing 
ew to moderate symptoms, the atrial record may be normal or show left atrial abnormality. How- 
ver, if the symptoms are more severe, possibly with pulmonary hypertension, or if general cardiac 
‘nlargement occurs, that in addition to a definite left, an associated right atrial abnormality may be 
vident in the electrocardiogram. Thus it is felt that in mitral stenosis with a bifid wave that has 
yeen regarded as abnormal (either increased duration, height, or bifid interval), if the second peak 
s taller in CR4 and/or CR7, or the bifid interval is prolonged, and in CRI a normal wave occurs, 
hen the main abnormality lies in the left atrium. However, if the P wave in CRI is tall, whether 
R 
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Fic. 3.—Prolonged peak interval in CR4 and 7 in mitral stenosis without cardiac enlarge- 
ment as evidence of left atrial abnormality (A). Tall pointed and diphasic P waves 
in CR1 in mitral stenosis with an enlarged heart (B), and in mitral stenosis with pul- 
monary hypertension (C) showing right atrial abnormality in addition to evidence of 
left atrial preponderance shown in CR4 and 7. 


pointed, diphasic, or first peak type, then the right atrium is also under strain or is enlarged. This, 
we feel, may be useful in the clinical evaluation of patients with mitral stenosis. 

Wood (1939) gave hypertension, in the presence of incipient left ventricular failure and overload 
of the left atrium, as a cause of increased incidence of bifid waves. We noted a small number of 
abnormal P waves in those in failure, but the incidence was not sufficient to draw significant 
conclusions. 


The ‘‘ P pulmonale ” pattern, described by Winternitz (1935) in chronic pulmonary disease of 


tall pointed P waves in lead II and by later workers in right chest leads, has been reported by 
numerous authors with great variation in results and interpretation. Some (Wood, 1948 
Kilpatrick, 1951) found a high incidence (60-85%), and others (Fox and Kremer, 1943; Lepesch- 
kin 1951) much lower (5-30°%). Recently Zukerman ef al. (1948) and Hecht and Woodbur\ 
(1950) have postulated that it is merely a factor of the electrical position of the heart. When it wa 
possible to discern the exact type of cases reported, it was evident that the standard of case selectio: 
and severity was not constant. In our series, we endeavoured to separate cases with severe 
emphysema with respiratory difficulty from similar cases who were in actual right heart failure 
‘We also studied a small group of primary pulmonary hypertension. In the first two groups we 
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found few changes from normal, except a slightly higher incidence of pointed waves, 40 per cent 
against the normal of 22 per cent. However, it was interesting that in two cases of emphysema in 
‘ailure that showed definite clinical evidence of pulmonary hypertension, there were tall pointed 
or diphasic waves in CRI, thus showing right atrial abnormality. 






































| Emphysema 
with Pul. H.T. 


Fic. 4.—Tall diphasic P waves in CRI in emphysema in heart 
failure and with pulmonary hypertension (A), and in 
primary pulmonary hypertension (B), denoting right 
atrial abnormality. 


Primary Pul.H.T. 


In primary pulmonary hypertension we found a typical pattern of abnormal right atrial activity 
with tall pointed waves in most leads and noticeably in CRI. At times a diphasic wave of large 
amplitude occurred (Fig. 4). The correlation of the ** P pulmonale ’’ pattern with post-mortem 
studies has not always been consistent and has been reported in varying degrees by (Scott and 
Garvin, 1941; Katz er al., 1942; Szekely, 1944). As has been shown (Winternitz, 1935; Katz et al., 
1942; Harkavy and Romanoff, 1942; Hajos, 1948) the ‘‘ P pulmonale ”’ pattern has decreased or 
disappeared in some cases of asthma following a period of marked respiratory distress. Though 
the number of cases is not significant in this group, it is suggested that the common factor in chronic 
pulmonary disease that gives the abnormal right atrial pattern is transient or persistent pulmonary 
hypertension. This may be one of the factors accounting for the variability of previous reports. 

Many authors (Wood and Selzer, 1939; Allanby and Campbell, 1949; Woods, 1952) have 
1oted tall pointed P waves in congenital heart disease, especially in pulmonary stenosis. Recently, 
Paul et al., (1951) analysed 96 cases of congenital heart disease proved by catheterization, opera- 
ion, Or post mortem. They found pulmonary stenosis, either alone or associated with other 
-onditions such as atrial septal defect or as part of the tetralogy of Fallot, to be the main cause of 
ibnormal P waves. They were tall and pointed and seen best in right chest leads. They also 
ound similar waves in Ebstein’s disease but found tall broad waves in right chest leads in tricuspid 
itresia. Campbell and Reynolds (1952) have shown the difference in the direction of the P wave 
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in dextrocardia and levocardia. In our series, pulmonary stenosis was the only group, as a whole, 
to show any significant abnormalities. Tall pointed waves were more common in all leads and 
had the greatest average height of the series. These occurred, as expected, most often in CRI 
and CR4 (Fig. 5). Seventy per cent of the group thus showed right atrial abnormality. Two 
cases of atrial septal defect and one of ventricular septal defect showed evidence of right atrial 
abnormality, and it was interesting to note that these cases were the only ones in their group 
clinically to show marked pulmonary hypertension. 





CR CR 





Fic. 5.—Pulmonary stenosis. Tall pointed Fic. 6.—Constrictive pericarditis. Prolonged 
waves in CRI showing right atrial abnor- peak interval of bifid waves as evidence of 
mality. left atrial abnormality. 


Abnormal bifid P waves have been noted in constrictive pericarditis by Evans (1945) and more 
recently by Chamblis e¢ a/. (1951). We found this to be a rather characteristic pattern as well, with a 
marked increase in the total bifid waves and average peak interval. An abnormal bifid P wave was 
present in 11 of the 13 cases. Though the left atrium showed abnormality in three-fourths of these, 
a small but definite number showed evidence of both right and left atrial disturbances, which is not 
unexpected considering the nature of the disease (Fig. 6). 


SUMMARY 


Generally, in the past, only empirical facts of P wave abnormality in the standard electro- 
cardiograms have been recorded. Recent studies, including direct recordings, have shown a purer 
type of wave and asynchronization of atrial response, giving a better conception of atrial activity. 
With this information in mind, the purpose of this investigation was to record the pattern in health 
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ind in heart disease to see if single and bi-atrial activity and abnormality could be noted in the 
standard electrocardiogram. 

A standard of normal was established from a series of healthy cases. Cases of heart disease 
in which a strain on one or both atria was known were selected and divided as to etiology and 
severity. From an evaluation of these cases, chest leads were found to be best for the study of 
bi-atrial activity. Pointed, diphasic, and the three types of bifid waves (which give the best 
representation of direct recording and asynchronization) produced the most information. The 
analysis of bifid waves was essential. Bifid waves of the first peak type and diphasic waves occurred 
exclusively in right chest leads. Bifid waves of the second peak type occurred exclusively in left 
chest leads. A prolonged peak interval (greater than 0-04 sec.) occurred in all records of cases 
showing abnormality of the left atrium and never occurred in cases showing only abnormality 
of the right atrium. The occurrence of convex, impure bifid, isoelectric, and negative waves was 
of little value. 

From this information and the correlation of the incidence of these waves with the disease groups, 
as well as from the standard of normal, criteria were established for separate and combined atrial 
abnormality and the terms of right atrial abnormality and left atrial abnormality proposed. Right 
atrial abnormality was present in 70 per cent of the cases of pulmonary stenosis, in all of the cases 
of primary pulmonary hypertension, and in cases of pulmonary hypertension occurring in other 
diseases, namely, atrial septal defect, ventricular septal defect, and emphysema in failure. Left 
atrial abnormality was present in half of the mild cases and all of the more severe cases of mitral 
stenosis, and in 85 per cent of the cases of constrictive pericarditis. Combined atrial abnormality 
was present in half of the moderate and severe mitral stenosis cases, especially in those with 
pulmonary hypertension and those with large hearts, and in 23 per cent of cases of constrictive 
pericarditis. 


CONCLUSIONS 


Single or combined atrial abnormality can be diagnosed in the standard electrocardiograms. 
Right atrial abnormality is present when the P wave in CRI is tall (more than 2-5 mm.) and is 
diphasic, pointed, or bifid of the first peak type. Left atrial abnormality is present when a tall 
(more than 3-0 mm.) bifid P wave of the second peak type occurs in CR4 or CR7, or an abnormally 
long peak interval occurs in a bifid wave in any lead regardless of voltage. Combined atrial 
abnormality is suggested where a P wave deformity characteristic of both right and left is present. 


We would like to thank Dr. William Evans for advice and help in the preparation of this paper. 
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The purpose of this work was to determine how reliable a guide an apical systolic murmur can 
be to the finding at mitral valvotomy of incidental mitral regurgitation complicating dominant 
mitral stenosis. 

The history of the systolic murmur in mitral stenosis is a confused one, since general agreement 
was not reached about the timing of systolic and diastolic murmurs in mitral stenosis for nearly a 
century after Laennec (1819) first described the “* bruit de soufflet ’”’ and “* bruit de scie.””. Thus 
Ormerod (1864), Dickinson (1887), and Brockbank (1910) held that the characteristic murmur in 
mitral stenosis was in early systole and due to associated mitral regurgitation. On the other hand, 
Fauvel (1843), Gairdner (1861), and Fagge (1870) believed that the murmur was in late diastole 
and resulted from obstruction to the passage of blood through the mitral valve, as Laennec had 
originally suggested. With the advent of the electrocardiogram and phonocardiogram, the time 
of the murmur was fixed more accurately in the cardiac cycle. It became accepted that both 
diastolic and systolic murmurs were heard in mitral stenosis, the diastolic murmur being of chief 
importance as indicating stenosis, the systolic murmur, when present, being of secondary signifi- 
cance only, since it indicated merely a degree of incidental mitral regurgitation. With the intro- 
duction of mitral valvotomy and the consequent need for more detailed knowledge of the functional 
pathology of the mitral valve, interest has been re-awakened in the systolic murmur as one possible 
guide to the presence of regurgitation complicating mitral stenosis (Baker ef a/., 1952; Froment 
and Gravier, 1952; Abelmann et al., 1953; Sellors et al., 1953). 


METHOD 

Fifty patients, judged to have dominant mitral stenosis, were treated by mitral valvotomy, 
where the surgeon’s finger estimated with special care the degree of incidental mitral regurgitation 
complicating dominant mitral stenosis.* 

The age of the patients varied between 17 and 49 years, the majority being in the 30 to 39 age 
group. Thirty-two patients were in sinus rhythm and 18 had auricular fibrillation. Clinical, 
radiological, and electrocardiographic evidence of left ventricular enlargement was absent in all 
patients in this series, with the exception of five, in whom the radiological evidence of slight enlarge- 
ment was thought to be due to aortic incompetence. In no case was there great enlargement of the 
left auricle. Right ventricular hypertrophy, as assessed by the electrocardiogram, was present in 32 
f the 50 patients. 

Clinical examination was amplified by a phonocardiogram in every case and this was recorded 
yn a four-channel phonocardiograph, as described by Leatham (1949); an electrocardiogram was 
ised as a reference tracing. 

RESULTS 

Findings at Operation. The presence of mitral stenosis was confirmed at valvotomy in every 

atient, but the degree of stenosis varied (Fig. 1). In the majority the long diameter of the aperture 
* Mr. Vernon Thompson and Mr. Geoffrey Flavell performed the valvotomies. 
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Fic. 1.—The relationship between the long diameter of the 


mitral valve orifice and the degree of incidental mitral 
regurgitation, as estimated in the 50 patients at 
valvotomy. The measurement of the long diameter of 
the valve orifice is given in centimetres. The open 
circles indicate patients with calcification of the 
mitral valve. 


was estimated at about | cm.: in a few it was considerably less than this (about 0-5 cm.) and in 
some greater (between | and 1-5 cm.). In one patient the long diameter was judged to be 2 cm.; 
in the single case in which valvotomy was not performed it was estimated at 3 cm. 

In 18 patients a regurgitant stream was felt by the exploring finger in the left auricle. In none 
was the regurgitation judged to be great or to predominate over the stenosis. A rough reverse 
relationship was noted between the degree of incidental mitral regurgitation and the degree of 
mitral stenosis. In patients with a long diameter of the valve of less than 1-5 cm., regurgitation 
was found to be slight or moderate. A greater degree of regurgitation was met in the patient 
with a valve diameter of 2cm. Even in this case, however, stenosis predominated over regurgitation, 
which appeared to be due to defective apposition rather than to shortening of the mitral valve cusps, 
since firm digital pressure on the antero-medial cusp was found temporarily to abolish the central 
regurgitant stream. 

A fall in systemic blood pressure always occurred at the time of operation and this may have 
temporarily diminished or abolished regurgitation that would have been present under more 
normal conditions. For this reason alone, operation findings cannot be taken as an absolute 
indication of the presence or degree of regurgitation. 

Calcification of the mitral valve was found at operation in 13 patients; in eight of these it was 
seen On screening. Regurgitation at operation was found to be more frequent in those with calcifi- 
cation. Thus of 13 patients with calcification, 8 had some degree of regurgitation also, while of 
the remaining 37 without calcification only 10 had regurgitation. 

The Apical Systolic Murmur. An apical systolic murmur was heard in 31 cases. In 9 it was 
pan-systolic (Fig. 2) and in 22 it was in the first half of systole (Fig. 3). The pan-systolic murmur 
varied widely in intensity, the louder murmur being conducted over the whole precordium and 
into the axilla, but in no case was a thrill felt. In most instances, the murmur had a high-pitched 
blowing quality. When the apical murmur was in the first half of systole, it was always soft and 
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Fic. 2.—Apical pan-systolic murmur. MA=mitral area. HF=high 


frequency filter. 1 and 2=first and second heart sounds. SM= 
systolic murmur. MDM—mid-diastolic murmur. PSM—presystolic 
murmur. 











Fic. 3.—Apical systolic murmur, the bulk of which is in the first half of 
systole. MA=mitral area. MF=medium frequency filter. 1 and 
2=first and second heart sounds. OS=opening snap. SM =systolic 
murmur. MDM =mid-diastolic murmur. PSM=presystolic murmur. 


might easily be missed on casual auscultation, being partly obscured by a loud first heart sound or 
presystolic murmur, when present. No relationship was found between the presence or absence 
of a presystolic murmur and the systolic murmur. 

The relationship between the presence and type of apical systolic murmur and the operation finding 
f incidental mitral regurgitation complicating dominant mitral stenosis is shown in Fig. 4. A pan- 
systolic apical murmur was always associated with some degree of regurgitation at operation, 
whether the murmur was loud or soft. The loudness of the pan-systolic murmur, on the other 
hand, although in general proportional to the degree of regurgitation found, was not always so 
ind in one patient with a murmur of medium loudness tight mitral stenosis with only a small lateral 
regurgitant jet was found at operation. 
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Fic. 4.—The relationship in 50 patients between (a) the 
presence, the type, and the loudness of an apical 
systolic murmur, and (b) the operation finding of 
incidental mitral regurgitation. 


The apical murmur in the first half of systole showed no direct relationship to the operation 
finding of incidental mitral regurgitation, which was present, though slight, in 8 out of 22 patients. 
Absence of an apical systolic murmur was, with one exception, associated with absence of regurgita- 
tion at operation. 

Other Systolic Murmurs in Mitral Stenosis. A systolic murmur, present during episodes of right 
heart failure, was sometimes difficult to differentiate from the apical murmur of mitral regurgitation. 
It was met in four patients during congestive failure; it was loud, pan-systolic, best heard at the left 
sternal edge in the fourth and fifth intercostal spaces, but well conducted to the apex also; and after 
recovery from failure it either diminished or disappeared completely. One patient had two episodes 
of right heart failure, while awaiting mitral valvotomy in hospital, and on each occasion the murmur 
came with failure and went with recovery (Fig. 5). In another patient phasic variation in intensity 
of the murmur was noted with respiration, the murmur becoming louder during inspiration. This 
was in contrast to apical systolic murmurs on which respiration had little effect. This murmur was 
thought to be due to temporary tricuspid regurgitation and this is supported by recent hemo- 
dynamic studies of tricuspid valve disease (Shillingford, 1953). Other signs of tricuspid incom- 
petence, such as a ventricular systolic wave in the jugular venous pulse and a pulsating liver, were 
not present in our patients. 

A mid-systolic murmur, loudest in the aortic area but conducted to the apex, was heard in three 
patients with slight aortic incompetence complicating the mitral stenosis. It was thought that the 
scarred incompetent aortic valve cusps gave rise to the systolic murmur in the absence of aortic 
stenosis. 


DISCUSSION 

Although only the systolic murmur has so far been discussed in relation to the operation finding 

of incidental mitral regurgitation, other signs of mitral regurgitation were carefully looked for in 
this series, but yielded no additional information. No patient with left ventricular enlargement 
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Fic. 5.—Pan-systolic murmur, present during right heart 
failure and disappearing after recovery. Both records 
were made at the left sternal edge (LSE) in the fourth 
intercostal space with a high frequency filter (HF). (A) 
recorded during right heart failure and (B) one week 
later after recovery from failure. The pan-systolic 
murmur has been replaced by a small murmur confined 
to the first half of systole. 


was included in the series, with the exception of five, where slight enlargement was thought to be 
due to aortic incompetence, and so this important sign of significant mitral regurgitation was 
always absent. It has been suggested that great enlargement of the left auricle is often associated 
with mitral regurgitation (Baker et a/., 1952; and Abelmann et a/., 1953). In our series, from which 
patients with gross left auricular enlargement were excluded, no relationship was noted between 
minor variations in the size of the left auricle and the presence of incidental mitral regurgitation. 
Bilateral systolic expansion of the left auricle seen in the anterior view, which Brigden and Leatham 
(1953) found to be the only reliable radiological sign of pure mitral regurgitation, was never seen 
in this series. Marked backward movement of the posterior border of the left auricle, which is not 
a reliable sign of mitral regurgitation, was found to be associated with the operation finding of pure 
mitral stenosis as frequently as with stenosis complicated by regurgitation. Venner and Holling 
(1953), Wynn et al. (1952), and Ablemann et a/. (1953) did not find the pulmonary capillary pressure 
curve a reliable guide to the presence of incidental regurgitation complicating mitral stenosis and in 
those of our patients on whom cardiac catheterization was performed the pulmonary capillary 
pressure curve did not give clear additional information about the presence of incidental mitral 
regurgitation. 

It was thought that the loudness of the first heart sound and the finding of an opening snap might 
be of additional help in recognizing incidental mitral regurgitation complicating dominant mitral 
stenosis. Since in pure mitral stenosis the first heart sound is usually loud and the opening snap 
clear, and since in pure mitral regurgitation the first heart sound is not accentuated and the opening 
snap absent (Brigden and Leatham, 1953), it might be expected that in mitral valve disease these 
sounds would indicate whether stenosis or regurgitation predominated. Calcification of the mitral 
valve, however, is also associated with a soft first heart sound and a soft or absent opening snap 
(Wynn, 1953; Mounsey, 1953). In this series the association of a soft first heart sound and a 
soft or absent opening snap was related to valve calcification and only indirectly related to the 
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operation finding of incidental mitral regurgitation, owing to the relatively higher incidence of 
regurgitation in patients with valve calcification. 


SUMMARY AND CONCLUSIONS 


In a series of 50 patients with dominant mitral stenosis selected for mitral valvotomy, an apical 
pan-systolic murmur was found to be the most reliable guide to the operation finding of incidental 
mitral regurgitation. All patients with a pan-systolic apical murmur had mitral regurgitation, 
whether the murmur was loud or soft. The loudness of the murmur was not a reliable indication 
of the varying degree of regurgitation. 

An apical murmur in the first half of systole was not constantly related to the operation finding 
of regurgitation, which was never more than of slight degree in these patients. Absence of an ’ 
apical systolic murmur was, with one exception, associated with absence of regurgitation at 
operation. 

A pan-systolic murmur, present in four patients during right heart failure and disappearing 
after recovery, was sometimes difficult to differentiate from the apical murmur of mitral regurgita- 
tion. It was thought to be caused by temporary tricuspid regurgitation. 

The association of a soft first heart sound and a soft or absent opening snap was related to ‘ 
calcification of the mitral valve and only indirectly to incidental mitral regurgitation, owing to the 
relatively higher incidence of regurgitation in patients with valve calcification. 


We wish to thank Dr. William Evans for his helpful advice and criticism in the preparation of this paper, and 
Mr. Vernon Thompson and Mr. Geoffrey Flavell for their co-operation. Thanks are also due to Mr. W. Dicks for 
technical assistance with the phonocardiograms. 
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Clinical assessment of the severity of mitral stenosis sometimes presents difficulties. The 
symptoms may be obscured by superadded effort syndrome or by limitation of activity imposed by 
the patient’s doctor. The physical signs may reveal the presence of pulmonary hypertension or 
heart failure, but in their absence there may be little indication as to the size of the mitral orifice. 
The intensity of the diastolic murmur is of little value since the stenosis may be severe when the 
murmur is slight or even absent. The degree of pulmonary hypertension measured at cardiac 
catheterization and the degree of right ventricular hypertrophy on the electrocardiogram are not 
necessarily indications of the severity of mitral stenosis. When all the evidence is considered the 
assessment is reasonably accurate, but there is obvious room for more direct evidence as to the 
degree of stenosis. The crucial information required is the pressure gradient across the mitral orifice 
or the rapidity of filling of the left ventricle. Such information is not necessarily an indication of the 
size of the mitral orifice for the ability of the left ventricle to fill in diastole must be determined in 
part by the involvement of the chorde tendinee, by the location and mobility of the mitral orifice, 
and by myocardial factors. The present study provides evidence that the pressure gradient across 
the mitral valve and the rapidity of filling of the left ventricle can be estimated by a phonocardio- 
graphic technique. 


BASIS OF THIS STUDY 


The phonocardiogram of mitral stenosis usually shows two abnormal features. First there is 
an increase in the time interval between the onset of the QRS complex of the electrocardiogram 
and the onset of the maximal vibrations of the first heart sound. This interval will be called the 
* Q-1” interval (Fig. 1). Secondly there is a series of vibrations constituting the opening snap 
which follows the second heart sound. The interval between the beginning of the second heart 
sound and the beginning of the opening snap will be called the “* 2-O.S.”’ interval (Fig. 1). Occa- 
sionally the opening snap is absent in mitral stenosis and this is apparently an indication that the 
mitral valve is rigid and probably calcified: when calcification occurs in a valve that is still mobile 
ind supple the opening snap does not disappear. The abnormal first sound and opening snap are 
often recorded on a logarithmic phonocardiogram when there is no auscultatory evidence of their 
presence (Wells, 1952). This alone indicates that the phonocardiogram is useful in the investigation 
»f mitral stenosis. 

Messer et al. (1951) demonstrated that in mitral stenosis with auricular fibrillation the Q-1 
nterval and the 2-O.S. interval are not constant but vary with the length of the preceding cardiac 
-ycle. After a short R-R interval (measured from the apex of the R waves of the electrocardio- 
zram) the Q-1 interval is long and the 2-O.S. interval is short. As the R-R interval becomes 
onger the Q-1 interval becomes shorter and 2-O.S. interval becomes longer. As the authors 
point out, the only factor that can determine the variations in these measurements is the pressure 
gradient across the mitral orifice. When the pressure gradient is high after a short diastolic interval 
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Fic. 1.—Synchronous phonocardiogram and_ electrocardiogram 


showing measurements of Q-1 and 2-O.S. intervals and the 
preceding cycle length (R-R interval). 


the left ventricle will take longer to reach the atrial pressure and the first heart sound will be delayed. 
As the atrial pressure remains high throughout systole the opening snap will occur early. This 
explanation seems reasonable, but other factors may have a bearing on the question. The greater 
filling of the left ventricle after a long diastolic interval may produce a more efficient and more force- 
ful contraction which empties the ventricle more completely. This would accelerate the onset of the 
first heart sound and delay the opening snap. Fortunately it is not of great importance to differen- 
tiate between pressure and volume changes for both depend on the severity of the mitral stenosis. 

If the work of Messer ef a/. is confirmed it is reasonable to carry the argument further. If the 
R-R interval is plotted against the Q-1 and 2-O.S. intervals the graph should indicate the severity 


of the mitral stenosis (Fig. 2). It may even be possible to arrive at the answer by a single reading of 


the three intervals which could be corrected by nomogram in the same manner as the Q-T interval 
is corrected. There are, of course, certain errors that might interfere with the accuracy of such a 
test. The onset of the QRS complex in the electrocardiogram may be delayed by the presence of an 
initial isoelectric interval in a single lead. The presence of auricular contraction may alter the 
pressure gradient in sinus rhythm and thereby invalidate the Q-1 interval. The absence of an 
opening snap in patients with rigid mitral valves will make a 2-O.S. interval unavailable. 


METHOD AND RESULTS 


Thirty patients were studied by phonocardiography before and after mitral valvotomy. 
Logarithmic tracings were taken on a Sanborn stethocardiette using the technique of Wells et al. 
(1949). The routine locations were (1) 1 cm. internal to the apex beat, (2) the second 
interspace at the left sternal border, and (3) the fourth interspace at the left sternal border. 
In the last area the opening snap is usually best recorded, and when there is sinus rhythm the first 
heart sound is less obscured by a presystolic murmur. Lead II of the electrocardiogram was recorded 
synchronously as reference tracing. Tracings were taken a few weeks before operation and between 
the ninth day and the third month after operation. The tracings were taken in arrested respiration 
at the end of a quiet expiration, and were examined to verify that there were no significant changes 
due to the arrest of respiration or to the choice of location of the microphone. 


RESULTS 


Twenty-seven of the thirty patients had an opening snap on the phonocardiogram. At operation 
there was occasionally some calcification of the margins of the cusps but the cusps themselves were 
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supple. The remaining three had no opening snap and the valve cusps were found to be both rigid 
and calcified; these three were eliminated from the study for the sake of simplicity. 

Nine patients had auricular fibrillation and these were first examined to determine the relation- 
ship between the Q-1 interval and the R-R interval of the preceding cardiac cycle. Graphs were 
drawn for each patient and showed an approximately linear relationship between the Q-1 interval 
ind R-R interval, provided the latter was between 0-6 and 1-2 sec. Over this range the Q-1 interval 
decreased by 0-03 sec. (Fig. 2). Graphs were drawn in the same way for the 2—O:S. interval and the 
R-R interval. Here the relationship was again approximately linear and the 2-O.S. increased by 
0-03 seconds over the R-R range of 0-6 to 1-2 seconds. These findings confirmed the work of 
Messer et al. and showed that the Q-1 and 2-O.S. intervals might reasonably indicate the pressure 
gradient across the mitral valve. 

The cases with sinus rhythm and those with auricular fibrillation were now considered together 
in order to see whether the Q—1 and 2-O.S. intervals would determine the severity of mitral stenosis. 
In the patients with sinus rhythm the range of cycle length was limited, but when a graph was drawn 
for each case it was almost always possible to read off without extrapolation the Q-1 and 2-O.S. 
intervals for a cycle length of 0-8 sec. (Fig. 2). These corrected Q—1 and corrected 2-O:S. intervals 
were now compared with the size of the mitral orifice as measured at operation. The length and 
breadth in centimetres of the mitral orifice were multiplied to give a single figure which could be used 
in a quantitative manner. Nineteen of the mitral orifices were 1 x1 cm. or smaller, and the re- 
maining eight were larger. 
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Fic. 2.—Graphs from a patient with auricular fibrillation illustrating the relation- 
ship between the Q-1 and 2-O:S. intervals and the R-R interval of the preced- 
ingcycle. The ‘‘ corrected Q-1 ”’ interval for a cycle length of 0:8 sec. is 1-0sec., 

and the “* corrected 2-O.S.”’ interval is 0-95 sec. 
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Fic. 3.—Scatter graphs of “* corrected Q-1 ’’ and size of 
mitral orifice as found at operation. 


The relationship between the size of the orifice and the Q—1 is shown in Fig. 3. This shows that 
when the Q-1 interval is short there is little stenosis of the mitral orifice, while a prolonged Q-1 
interval may mean severe stenosis. It is probable, however, that there is some factor other than the 
size of the orifice that prolongs the Q-1 interval, and this will be discussed later. 

The relationship between the size of the mitral orifice and the 2—O.S. interval is shown in Fig. 4, 
which shows that the shorter the interval the more severe is the mitral stenosis. The relationship is 
closer than in the case of the Q-1 interval and the shortest intervals are only seen in severe stenosis. 
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Fic. 4.—Scatter graph of ** corrected 2-O.S.” and size ot 
mitral orifice as found at operation. 
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Fic. 5.—Scatter graph of ** corrected Q-1 ’’ minus Fic. 6.—Scatter graph of improvement in Q-1 minus 
“* corrected 2-O.S.”’ and mitral size as found 2-0.S. following valvotomy and the size of the 
at operation mitral orifice at operation. 
The relationship between the size of the mitral orifice and the “ corrected Q-1”’ minus the 


“ corrected 2-O.S.”” is shown in Fig. 5: here the correlation is far closer. For figures between 
+5 and —1 the mitral orifice was always under | x 1 cm., while for figures between —14 and —4, 
all but one of the mitral orifices were larger than | x 1 cm. 

Finally the relationship between the degree of improvement of the phonocardiogram following 
valvotomy and the initial size of the mitral orifice is shown in Fig. 6. The improvement is estimated 
by contrasting Q-1 minus 2-O.S. before and after valvotomy. Here all but one of the patients 
showing improvement had orifices smaller than 1 x1 cm. before operation. The only exception 
was a patient with an orifice 1-5x0-8 cm. All the patients showing no improvement had orifices 
larger than | x1 cm. 


DISCUSSION 


It is interesting that the Q-1 interval and the 2-O.S. interval when considered separately give less 
indication of the size of the mitral orifice than when they are combined. This may be because of 
the inaccuracy of measurement but other explanations come to mind. The theory that best fits the 
facts is that thickening of the mitral valve cusps alters the time of valve movement. Slight rigidity of 
the cusps might cause a delay in the first heart sound because the ventricular pressure would need to 
be considerably higher than the atrial pressure before the valve cusps would suddenly bulge into the 
atrium. During diastole the converse would apply, namely, that the atrial pressure would have to 
be higher than the ventricular pressure before the opening snap occurred. The combined figure of 
Q-1 minus 2-O.S. would be unaffected by rigidity of the valve cusps. Indeed the degree of difference 
from the predicted Q—1 and 2-O.S. might well be an indication of the rigidity of the cusps. 

Having described the methods and findings in this investigation we must now consider whether the 
results are such as to be of practical value. The combined figures of Q-1 minus 2-O.S. will 
separate almost completely the patients with marked mitral stenosis from those whose orifice is over 
1x1cm. In addition the test shows some evidence that the patients with larger orifices are not 
benefited by surgical operation in the same way as those with smaller orifices (Fig. 6). This does 
not mean that an operation is not indicated for these patients, for the test we are considering is 
S 
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conducted while at rest in bed and has no direct bearing on the capacity of the patient to increase his 
cardiac output. The phonocardiogram is thus of value not only in determining with accuracy the 
presence or absence of an opening snap, but it may give an accurate indication of the severity of the 
mitral stenosis and the state of the valve cusps. This is only a preliminary communication and when 
other factors are studied the test may be shown to have even greater value. For instance the size 
of the mitral orifice is no indication of the severity of the mitral stenosis unless the size of the patient 
is considered. The onset of the QRS in lead II should be corrected if there is evidence of an iso- 
electric phase. All readings when the patient is excited or upset should be discarded or repeated 
under better conditions. When these and other features are considered the results may be of even 
greater value. 


SUMMARY 


A method is described of estimating the severity of mitral stenosis by means of a logarithmic 
phonocardiogram with synchronous electrocardiogram. The following measurements are made: 
(1) Q-I interval (onset of QRS to onset of maximal vibrations of first heart sound), (2) 2—O.S. in- 
terval (onset of second sound to onset of opening snap), and (3) R—R interval (length of the preceding 
cardiac cycle). 

The Q-1 and 2-O.S. intervals corresponding to a cycle length of 0-8 sec. are obtained from a 
graph of these measurements. 

If the Q-1 minus 2-O.S. is over —1, there is probably severe mitral stenosis and valvotomy will 
lower the pressure gradient across the mitral valve, even when the patient is at rest. If it is more 
negative than — 1-5, the mitral orifice is probably over | x | cm. and there is evidence that valvotomy 
will not improve the hemodynamics at rest. 

When the Q-1 and 2-O.S. intervals are considered separately they may give information as to the 
degree of rigidity of the mitral valve cusps. 

The deductions in this study are based on the analysis of phonocardiograms before and after 
valvotomy in thirty patients. 


I am indebted to Mr. O. S. Tubbs and Mr. I. M. Hill for permission to study their patients before and after opera- 
tion. All but one ofthis series was operated upon by them in the Thoracic Surgical Unit, St. Bartholomew’s Hospital. 
| am indebted to Mr. R. C. Brock for the operative findings in the remaining case. 
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The depressant action of procaine on the heart muscle has been the subject of several clinical 
and experimental studies (Wiggers and Wegria, 1940; Burstein, 1946; Uhley and Wilburne, 1948; 
Schaffer et a/., 1950). Procaine was found useful in the treatment of cardiac arrhythmias occurring 
in anesthetized patients during cardiac surgery. However, its usefulness in the management of 
clinical arrhythmias in conscious patients has been found to be greatly limited because of its effects 
on the central nervous system. More recently, procaine amide was introduced (Mark ef al., 1951; 
Newman and Clark, 1951) and both clinical and experimental observations have suggested that this 
drug is effective in abolishing various types of cardiac arrhythmias and that it is more suitable for 
clinical purposes than procaine (Berry ef a/., 1951; Kinsman et al., 1951; Schlachman ef al., 1951; 
Stearns ef al., 1952; Enselberg and Lipkin, 1952; Zapata-Diaz et al., 1952; Shack et al., 1952; 
Lucas and Short, 1952). The present study was undertaken in order to evaluate the effects of 
procaine and procaine amide on the heart in the experimental animal and to assess the effectiveness 
of procaine amide in abolishing clinical arrhythmias. In a few cases a comparison was attempted 
of the relative value of procaine amide and quinidine. 


EXPERIMENTAL OBSERVATIONS 


A total of 35 experiments were performed in cats under dial anesthesia. Electrocardiograms 
were recorded before and at frequent intervals after the administration of procaine hydrochloride 
(1°, solution) or procaine amide (pronestyl, Squibb). The blood pressure and respiration were 
continuously recorded on a kymograph. 


The Effects of Procaine and Procaine Amide Alone. Eleven cats received procaine and six cats procaine 
amide by the intravenous route. Single doses of 5-10 mg. per kg. of either drug produced no significant 
changes in the electrocardiogram, blood pressure, or respiration. Amounts between 15 and 25 mg. per kg. 
of procaine or procaine amide given in single or in divided doses at 10-minute intervals produced depression 
of the S-T segment with lowering of the T wave in about 50 per cent of the experiments and transient widen- 
ing of the QRS complex in every experiment. Further increase in the dosage resulted in progressive widen- 

ig of the QRS complex in every experiment; various degrees of heart block in about 90 per cent and ectopic 
beats in one-third of the experiments. An example is shown in Fig. 1. The sequence of events was similar 
in both groups, but whereas the early changes appeared after comparable doses of procaine and procaine 
umide on a weight basis (between 15 and 25 mg. per kg.), much larger doses of procaine amide were necessary 
to produce irreversible widening of the QRS complex, heart block, and ectopic rhythm. These latter changes 

ypeared after an average dose of 30 mg. per kg. of procaine and 100 mg. per kg. of procaine amide. 

Lowering of the blood pressure was much more gradual when procaine amide was given and in two 
experiments up to 60 and 90 mg. per kg., respectively, we.e given before any appreciable drop in the blood 
p-essure occurred. The average dose leading to cessation of the respiration and to an irreversible fall of 
te blood pressure to zero was 35 mg. per kg. of procaine and 150 mg. per kg. of procaine amide. 

In five cats intracardiac procaine was administered in amounts of 15-25 mg. per kg. The electrocardio- 
g:aphic changes observed differed in no way from those seen following intravenous administration of the 
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Fic. 1.—Cat, weight 1-8kg. lead II. Effects of intravenous pro- 
caine amide on the electrocardiogram. (A) Initial tracing. 
(B) After 30 mg. per kg. Lowering of the T waves and 
widening of the QRS complex. (C) and (D) Continuous 
strips, after 150 mg. perkg. Progressive widening of the QRS 
complex. (E) After 180 mg. per kg. Complete A-V block. 


(F) 5 minutes after. (E) Slow idioventricular rhythm. No 
auricular activity. 


drug. The most constant finding was progressive widening of the QRS complex which appeared in al 
five experiments. 

In three cats thoracotomy was performed and a total of 30 and 35 mg. per kg. of procaine and 250 mg 
per kg. of procaine amide, respectively, were injected into the pericardial cavity. In all experiments ‘ 
characteristic ‘** pericarditis pattern ’’ appeared in the cardiogram (Fig. 2). There was some slowing of thc 
heart rate, but no alteration in the duration of the QRS interval and no heart block in this set o 
experiments. 

The Effects of Procaine and Procaine Amide after Vagotomy. In four cats bilateral vagotomy was per 
formed before the intravenous administration of procaine or procaine amide. Amounts similar to thos: 


used in the group with intact vagi resulted in progressive widening of the QRS complex in all four experi 
ments, complete heart block in two, and ventricular tachycardia in two experiments. 

The Effects of Procaine and Procaine Amide on experimentally Induced Cardiac Arrhythmias. Th 
action of intravenous procaine and procaine amide was studied on chloroform-adrenalin induced arrhythmia 
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Fic. 2.—Cat, weight 2-6 kg. lead II. (A) Initial 
tracing. (B) and (C) After the intrapericardial 
administration of 100 mg. per kg. and 250 mg. per 


kg. of procaine amide. “Pericarditis pattern.” F 
No change in intraventricular conduction. xP 


CPA a Ae tS 4d Bk 8 














| 
t | | 


oe 

















| 


| 
T 


| 
| 
\ 
T 





444 


| 


—+——+}-— 


1 
rT 
1 q 


| | il || 
1 | a 
HH 4 
Fic. 3.—Cat, weight 2-2 kg. lead II. (A) Initial 
tracing. (B), (C), and (D) Continuous strips. 
Ectopic impulse formation induced by chloro- 
form and adrenalin. (E) and (F) 1 and 2 minutes, 
respectively, following the intravenous administra- 
tion of 15 mg. per kg. of procaine. Ectopic 
rhythm eliminated and sinus rhythm restored. 
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in six cats. In three instances out of four an ectopic tachycardia was terminated by 15, 20, and 10 mg. 


la per kg. of procaine, respectively (Fig. 3). In two experiments multifocal ventricular extrasystoles were 
aie eliminated by 20 mg. per kg. of procaine and 60 mg. per kg. of procaine amide, respectively. 

ts ¢ 

* the CLINICAL OBSERVATIONS 

to Procaine amide was used in the treatment of 40 episodes of various types of cardiac arrhythmias 
-™ occurring in 31 patients. In addition, the drug was given to six patients with sinus rhythm and 
aed normal P-R, QRS, and Q-T intervals in order to study its effects on normal conduction. In all 
nee but two instances procaine amide was given by mouth, one gram every 3 or 4 hours. 

Th Extrasystoles. Three patients with four episodes of auricular extrasystoles and four patients with 


ventricular extrasystoles were studied. Two patients received procaine amide intravenously and five patients 
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orally. The extrasystoles were abolished in all eight instances, but in one patient who had intravenous 
medication previous oral treatment was ineffective. The total effective oral dose ranged from 5 to 12 g. 
the effective intravenous dose was 200 mg. In one patient the extrasystoles reappeared within 24 hour: 
after the drug was discontinued. 

Auricular Fibrillation. Sixteen patients with auricular fibrillation received procaine amide by mouth. 
Sinus rhythm was restored in eight of them. The average dose required for conversion was 4:5 g. The 
duration of auricular fibrillation before the administration of procaine amide was as a rule shorter in those 
patients in whom restoration of sinus rhythm was accomplished: it had been present for two months in three 


patients, three days in one patient, and less than 24 hours in four patients. On the other hand, in seven of 


the eight who failed to respond to procaine amide the arrhythmia had been present for many months or years: 
however, in the eighth it was known to have lasted only for two weeks. None of the eight patients in whom 
conversion to sinus rhythm was accomplished had received digitalis before procaine amide medication. 
Five patients in the unsuccessful group had been taking digitalis for three months or longer. 

Paroxysmal Tachycardia. Seventeen episodes of paroxysmal tachycardia occurring in eleven patients 
were treated with procaine amide. Out of thirteen instances of supraventricular tachycardia sinus rhythm 
appeared in nine after an average dose of 6 g.; on one occasion a slow nodal rhythm appeared; on anothe: 
occasion the ventricular rate was halved and the auricular tachycardia persisted at the same rate; and on 
two occasions procaine amide had no effect whatsoever on the ectopic rhythm. In one patient a 2: | 
auricular tachycardia was replaced during treatment by a 1 : 1 A-V conduction, but further medication 
resulted in restoration of sinus rhythm (Fig. 4). 

































































Fic. 4.—Lead II. (A) 2: 1 auricular tachycardia. 
(B) After 2 g. of procaine amide. Auricular 
tachycardia with 1:1 A-V conduction. (C) 
Sinus rhythm after 6 g. of procaine amide. 


Of the four patients with ventricular tachycardia three were successfully treated ; the ectopic rhythm 
stopped and sinus rhythm appeared after 3, 9, and 12 g. of procaine amide, respectively. In the fourth 
no result was achieved with 10 g. and treatment had to be discontinued at this stage on account of marked 
nausea. 

Procaine Amide and Quinidine. Six patients with recurrent arrhythmias were considered suitable for a 
comparison of the effects of oral procaine amide and quinidine. In two with auricular fibrillation both 
drugs were effective in restoring sinus rhythm. In two others with auricular fibrillation both drugs 
were ineffective; however, in one of them a previous attempt at conversion with quinidine a year earlier was 


~> 











on 
col 








e & 


4 


—_—_ a ww 


- SS 











ACTION OF PROCAINE ON THE HEART 271 





successful. In two patients with practically daily paroxysms of supraventricular tachycardia we have 
attempted to assess the relative value of these two drugs in reducing the number of attacks. In one of 
these quinidine was of greater value than procaine amide, but in the other procaine amide appeared to be 
superior to quinidine. 

The Effects of Procaine Amide on Normal Conduction. Six patients with sinus rhythm and normal P-R, 
QRS, and Q-T intervals in the electrocardiogram were given 5 g. of procaine amide in divided doses. The 
only changes observed were occasicnal increase in the length of the P-R interval and width of the QRS 
complex, but not beyond the limits of accepted normality. 


DISCUSSION 


The experimental observations presented in this paper have confirmed the depressant action of 
procaine and procaine amide on the heart and they are in general agreement with previous studies. 
This action is not mediated by the vagus, since vagotomy did not eliminate or change it. McClendon 
et al. (1951) also concluded from hemodynamic studies that procaine amide has a direct myocardial 
depressant action. The electrocardiographic changes in cats resulting from the intravenous 
administration of procaine and procaine amide were identical, the most constant findings being 
progressive widening of the QRS complex and heart block. However, procaine amide was tolerated 
in much larger doses than procaine. Newman and Clark (1950) have also found that procaine was 
a more potent respiratory depressant than procaine amide. For this reason procaine amide is a 
more suitable drug than procaine for the treatment of clinical arrhythmias. Furthermore, accord- 
ing to Harris et al. (1952) the depressant action of procaine amide on ectopic impulse formation is 
superior to that of procaine. 

Several clinical and experimental studies have shown that procaine amide can be effective in the 
supraventricular tachycardias, including auricular fibrillation, as well as in ventricular tachycardia 
(Schlachman et al., 1951; Schaffer et al., 1951; McCord and Taguchi, 1951; Miller et al/., 1952; 
Schack et al., 1952; Lucas and Short, 1952). Our own limited clinical observations favour this 
view. On the other hand, Enselberg and Lipkin (1952) stated in a recent publication that procaine 
amide showed a preferential action in ventricular arrhythmias. 

An increase in the ventricular rate in auricular fibrillation and in auricular tachycardia with 
A-V block has occasionally been observed during procaine amide medication (McCord and Taguchi, 
1951; Miller et a/., 1952; Kelley et al., 1952; Zapata-Diaz et al/., 1952). For this reason Kelley 
et al. (1952) and Miller er a/. (1952) thought that it was advisable to give adequate doses of digitalis 
to patients with auricular fibrillation before giving procaine amide. We have seen a transient 
increase in the ventricular rate during procaine amide treatment in two patients; they did not 
receive digitalis. It is possible that adequate doses of digitalis will prevent an undesirable increase 
in ventricular rate during procaine amide medication. On the other hand, the question also arises 
whether long standing digitalization in auricular fibrillation can make conversion to sinus rhythm 
more difficult. Our present series is too small to enable us to draw conclusions on this point 
and further experience will be needed. According to Schack ef a/. (1952) digitalization has no 
significant effect on the response of the arrhythmia to procaine amide. 

Procaine amide has a quinidine-like action (Wedd et a/., 1951). According to Schaffer (1951) 
the anti-arrhythmic activity of procaine amide when given by mouth is about one-fourth that of 
quinidine on a weight basis. In our two cases of auricular fibrillation in which both procaine amide 
and quinidine have restored normal rhythm, the effective procaine amide dose was 4 g. and 4-5 g., 
and the effective quinidine dose was 3-5 g. and 2°8 g., respectively. Thus, the procaine amide- 
quinidine ratios were 1-14 to 1 and 1-60 to 1. Apart from nausea in several patients, procaine amide 
produced no untoward effects. However, the nausea was so pronounced in two patients that the 
drug had to be discontinued. 


SUMMARY 


In experiments in cats, the depressant action of procaine and procaine amide on conduction 
and on ectopic impulse formation was confirmed. 
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Clinical observations, based on forty instances of various types of cardiac arrhythmias occurring 
in thirty-one patients, have confirmed the anti-arrhythmic property of orally administered procaine 
amide. 


It is concluded that oral procaine amide is of value in the supraventricular tachycardias as well 
as in ventricular tachycardia. 


Our thanks are due to Dr. W. G. A. Swan and to Professor A. A. Harper for their help and criticism. We also 
wish to acknowledge a grant received by one of us (N. A. W.) from the King’s College (Newcastle) Research Fund. 
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Jimmy appeared to be a normal child and when he was three and had bronchitis his parents 
were shocked to be told that he had congenital heart disease. He was, however, able to do every- 
thing like other boys and seemed so healthy that they thought less and less of this, until when he 
was about 12 he became more breathless on playing games: he had gradually developed high- 
coloured cheeks and his face and hands went blue in cold weather more easily than other children. 
When he was 18 he began to find life difficult for the first time: he could not cycle or run so well 
and became blue with exertion as well as with cold. Within a few months he could not walk so far 
and could no longer manage his work. 

This is a characteristic story of a child with simple pulmonary stenosis which is defined as 
congenital pulmonary valvular stenosis with a closed ventricular septum. The picture is, however, 
very varied for some patients remain well and acyanotic for much longer, and others become cyanotic 
and disabled earlier. 


THE PRESENT POSITION 


Brown (1939) in Congenital Heart Disease described several features of simple pulmonary 
stenosis. It was regarded as rare by most physicians, and by Taussig (1947)—probably because 
her work was mainly with infants where it is less easy to diagnose—as very rare. Currens et al. 
(1945) reported 11 cases from their hospital records, and since then Selzer et al. (1949) and Allanby 
and Campbell (1949) have published series of their own and have shown that the condition is 
common. Brown, perhaps, laid too little stress on the place of the patent foramen ovale in pro- 
ducing cyanosis—a point that was emphasized in the last two papers. 

Brock and Campbell (1950) have discussed the surgical treatment, and Dow ef al. (1950) and 
Soulié et al. (1953) have proved that this diagnosis may be correct even in patients with slight 
symptoms. Abrahams and Wood (1951), in a valuable paper, have emphasized the importance 
of simple physical signs in the diagnosis and of the a wave in the jugular venous pulse, and the 
fundamental differences between slight and severe cases. 

The object of this paper is to correlate the symptoms, the size of the heart, the electrocardio- 
graphic evidence of right ventricular strain, the findings at cardiac catheterization, and the time 
when cyanosis may develop, so that the prognosis and the indications for pulmonary valvotomy 
may be better understood. 


INCIDENCE 


Among my 670 patients with cyanotic congenital heart disease, seen from 1947 to 1951, there 
were 41 examples (6°%) and among 460 acyanotic patients there were 72 (16%). This gives a com- 
bined incidence of 10 per cent among all cases of congenital heart disease, a figure that agrees with 
the 12-5 per cent in the experience of Wood (1950a). 
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Sex and Age Incidence. The body of this paper refers only to 75 patients where the diagnosis 
was proved, but in this section 25 others where the clinical diagnosis seemed certain have been 
added. There was very little difference in the sex incidence, 47 being male and 53 female. 

The age incidence was much higher than that for cyanotic congenital heart disease in general, 
nearly one-third being over 20 and a few between 30 and 50 years of age. There was not a great 
difference between the cyanotic and acyanotic patients (see Table I) except that six of the seven over 
30 were acyanotic. The diagnosis was made less often under 5 years, unless there was cyanosis to 
draw attention to it. 


TABLE I 
AGE AND SEX INCIDENCE OF SIMPLE PULMONARY STENOSIS 











0 5 10 15 20 25 30 35 40 | | 
Age inyears | to to to to to to to to to 45 | Male | Female; Total 
|} 4 9 14 19 24 29 34 39 44 | 
Cyanotic is 7, &* @ §€§ §€$ t¢ = = = i ote 36 
Acyanotic 3 16 15 11 8 bs 2 | 2 1 | <n ee 7 64 
Total .. 9 


233 «210 «O17 ssd1i3isds 1 2 1} 47 | 383 100 





Making allowance for the age at which cyanosis developed, the proportion with central cyanosis 
increases steadily with age, from 19 per cent at 5 years to 36 per cent at 25 years, showing that the 
number becoming cyanotic outweighs the greater mortality among the cyanotic. 


THE PRESENCE OR ABSENCE OF CYANOSIS 


The distinction between cyanotic and acyanotic patients can be easy, for one may show gross 
cyanosis at rest and another no trace of cyanosis so that the differential diagnosis is from septal 
defects and other acyanotic lesions. There are, however, many patients without central cyanosis 
at rest but with some story of cyanosis: it is often peripheral, but a right-to-left shunt through a 
patent foramen ovale that develops only with exercise may be hard to exclude by simple clinical 
examination. 

We have classified patients as cyanotic or acyanotic according to our clinical judgment of 
whether there was central cyanosis at rest when they came up as out-patients. Generally those 
who were classed as acyanotic had an arterial O, saturation of 93 per cent or higher and the cyanotic 
had one of 92 per cent or lower. We have, however, counted one patient as cyanotic, although her 
arterial O, saturation in the ward was 94 per cent (see Case 12), and two as acyanotic where it was 
92 per cent, though we think that they (and some others) developed a right-to-left shunt through 
an unsealed foramen ovale on exertion. 

In most forms of congenital heart disease the distinction between cyanotic and acyanotic cases 
is so vital that we analysed these two groups separately, and intended to describe them separately, 
but the findings are so similar that it would have led to much unnecessary repetition. 


PATIENTS WITHOUT CENTRAL CYANOSIS AT REST 


There were 44 patients in this group and 30 have had pulmonary valvotomy. In two 
the diagnosis was confirmed by necropsy and all the others had cardiac catheterization, the smallest 
systolic pressure gradient across the pulmonary valve being from 35 to 14 mm. Hg. 

Fifteen of the 44 showed no cyanosis and gave no history of it at any time. Peripheral cyanosis 
was reported with cold weather in 14 and (generally to a lesser extent) with exertion in another 15. 
It is uncertain how many of these developed right-to-left shunts during exercise; five of them almost 
certainly did so. One was sent to hospital because he became so blue when playing fives for his 
school that a master made him see the doctor: probably this was one of the first occasions when 
a fit young man developed a right-to-left shunt, and although his symptoms were trivial and his 
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ieart of normal size, there was deep T inversion across the chest leads to V4 and a systolic pressure 
n the right ventricle of 148 mm. Hg. 

When there is no central cyanosis, there is no polycythemia and the hemoglobin is generally 
between 80 and 100 per cent. The two highest figures were 106 and 109 per cent in patients who 
had arterial O, saturations of 97 per cent; both emphasized that cold weather made them more 
cyanotic than exertion, but probaby they had a right-to-left shunt on exertion. The numbers 
ncluded as cyanotic tend, therefore, to under-estimate the proportion where there may at times 
be such a shunt. 


PATIENTS WITH CENTRAL CYANOSIS AT REST 


There were 31 patients who were cyanotic at rest. In 11 the diagnosis was confirmed post 
mortem; six of these had an operation, and these and two others had cardiac catheterization as 
well. The other 20 have all had an operation which confirmed the presence of valvular stenosis. 
\ll have had catheterization as well, except two where (as in many others) pressure gradients across 
the pulmonary valve and differential pressures between the two ventricles were found at operation, 
so that the diagnosis is reasonably certain in all. Additional abnormalities may be present in a 
few, e.g. one is known to have a pulmonary vein draining into the right atrium, but not, we think, 
inmany. Some with left-to-right shunts in addition are described shortly (see p. 296), and recently 
we have seen one patient with congenital aortic stenosis and incompetence also. 

The cyanosis is often severe. The arterial O, saturation was under 60 per cent in three, between 
68 and 84 per cent in eleven, and above 85 per cent in eleven. The range of cyanosis seems deeper 
in Fallot’s tetralogy than in simple pulmonary stenosis with an inter-atrial shunt, but this is not 
supported by the arterial O, figures—perhaps because few of the early more cyanotic patients 
with Fallot’s tetralogy had catheterization. In Fallot’s tetralogy 80 per cent had an arterial O, 
saturation between 62 and 89 with a mean of 77-2 per cent: in simple pulmonary stenosis with an 
inter-atrial shunt it was between 68 and 90 with a mean of 77-7 per cent. 

It is, however, supported by the polycythemia and hemoglobin percentages, which may be 
greatly increased but generally not as much as in Fallot’s tetralogy. Thus the mean hemoglobin 
percentage was 120 against 134 in 200 patients with Fallot’s tetralogy: the usual range was between 
100 and 139 instead of between 120 and 149, and the mode was between 110 and 119 instead of 
130 and 139 (Fig. 1 and Table II). Nearly all these patients showed some degree of clubbing of 


the fingers (see later). 
TABLE II 
DISTRIBUTION OF THE HAMOGLOBIN PERCENTAGE IN SIMPLE PULMONARY STENOSIS COMPARED WITH FALLOT’S 
TETRALOGY 





Numbers (percentages) with haemoglobin percentages at this level 


Up 90 100 110 120 130 0 ©140 ©1150 6©160 170 Mean Usual range 
to to to to to to to to to and 
89 99 109 119 129 139 149 159 169 above 











P.V.S. (pure) 4 47 34 19 _ — _ -— — -- o 91 84-101 
P.V.S. with P.F.O.. .. 3 13 17 3 13 13 8 10 -- —_ 120 100-139 
Fallot’s tetralogy... 1 3 8 9 16 23 17 7 3 3 134 120-149 





The Onset of Cyanosis. This is very variable and yet a certain pattern becomes evident. In 
the ten cyanotic patients who were under 10 years of age (average 5-5 years) cyanosis had always 
started in the first 4 years of life and in three had been present from birth, the average time of onset 
being at the age of 2 years. In the ten between 10 and 19 (average 14-8 years) it had become 
apparent at various times from | to 14 years and the average time of onset was 7 years. In the eleven 
between 20 and 33 (average 24-5 years) it was less easy to get a clear story of the onset of cyanosis, 
as often it seemed to have started at one time and become worse some years later: the usual time of 
onset was between 12 and 16 (average 14-4 years). 
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Fic. 1.—Chart contrasting the distribution of the hemoglobin percentage in simple pulmonary stenosis 


with that in Fallot’s tetralogy. The acyanotic cases show little or no increase, only a few 
being between 100 and 109 per cent. The range of the cyanotic cases is well below that for 
Fallot’s tetralogy; particularly, there are more patients with percentages between 90 and 119. 


This means that in the older patients cyanosis had started a good deal later but had also been 
present for longer. We have seen some patients go downhill rapidly after the onset of central 
cyanosis but many maintain their condition or lose ground only slowly, sometimes in the older 
patients for 10 years but for less than 5 years in half these patients. One woman who probably 
develops a right-to-left shunt on exertion has been an out-patient for 20 years and is not getting 
much worse. Nevertheless, a long history of cyanosis without obvious central cyanosis at rest 
generally means that it is peripheral. 

The Right-to-Left Shunt. The polycythemia and the arterial oxygen show that the right-to- 
left shunt is often small. The 20 cases where the findings at catheterization were complete enough 
to calculate it can be divided into two groups—9 where the arterial O, saturation was generally 
under 70 and averaged 66 per cent and 11 where it was over 80 and averaged 87 per cent. When 
the arterial O, saturation averaged 87 per cent the systemic flow was 3 litres, the pulmonary flow 
2:3 litres, and the right-to-left shunt 0-7 litres a minute. On the other hand when the arterial O, 
saturation averaged 66 per cent the systemic flow was 3 litres, the pulmonary flow was only 1-3 litres, 
and the right-to-left shunt as much as 1-7 litres a minute. Many of these patients could do very 
little but still the systemic flow was not greatly reduced (see later). 


PHYSICAL SIGNS 


The diagnosis of simple pulmonary stenosis should often be easy. The fundamental physical 
signs are the systolic murmur and thrill best heard in the pulmonary area, with a pulmonary second 
sound that is normal or diminished but never increased. There may be nothing else but if so, and 
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yarticularly if there is no right ventricular preponderance in the electrocardiogram, the stenosis 
s slight and of little importance at the time. 

Even when there is no enlargement of the heart as a whole, some prominence of the right ventricle 
yn radioscopy and a prominent pulmonary arc (Fig. 2 and 3) with dilatation that often spreads to 
he left pulmonary artery (Fig. 5) are early signs. The pulsation that may be seen in this dilated 
irtery may be misleading. For example, a girl, aged 23, had the classical signs of pulmonary stenosis 
but without right ventricular preponderance or any cardiac enlargement (see Fig. 6C and 9). She 
was free from symptoms and has remained well for six years. On radioscopy, however, pulsation 
n the large left pulmonary artery was always so striking that an increased pulmonary blood flow 
was suspected and catheterization was arranged. This confirmed the clinical diagnosis with 
pressures of 60/4 in the right ventricle and of 21/8 in the pulmonary trunk. This shows, as was 
stated by Taussig (1947), that moderate pulsation which does not, however, extend far down the 
pulmonary artery does not exclude a mild but significant degree of pulmonary stenosis. 

Wood (1950) has emphasized the importance of the a wave in the jugular pulse, and this is 
not found unless the stenosis is moderately severe. A giant a wave (see p. 285) and a large heart 
are relatively late signs and then the pulmonary second sound may be faint and the thrill may be 
hard to feel. 

When there is cyanosis there is the added difficulty of excluding other forms of pulmonary 
stenosis, specially Fallot’s tetralogy. In the latter, cyanosis generally starts before eighteen months, 
while in the former it may start much later, often not till the patient is nearing or past twenty. 
Peripheral cyanosis is, of course, not evidence of heart disease, but it is common in these patients. 

Abrahams and Wood (1951) have described the moon facies in these patients. They certainly 
stand out from many others with congenital heart disease by their good physique and have not the 
small, pinched face that is so common in children who have been disabled from infancy. They 
seem, however, to be of all types and builds, a few being thin and under-developed, the majority 
normally developed, and a proportion, which seems to be more than would be expected by chance, 
unusually well-developed with a broad chest and a rather rounded broad face. 

Clubbing of the Fingers and Toes. Some degree of clubbing was present in nearly all the 
cyanotic patients but often less than in those with Fallot’s tetralogy or other cyanotic lesions. 
This may sometimes be because the shunt is small but even when it is large the clubbing is often 
less than expected, probably because the shunt has not been present for so long nor from the early 
stage when the child was growing rapidly. When the cyanosis dates from infancy, the clubbing is 
generally severe and characteristic. 

The best classification seems the single « one, into severe, moderate, and slight degrees because 
generally all the features can be recognized even in the early stages if one looks carefully. Clubbing 
was severe in 15 of the 31 cases, though in 6 of these the broadening of the fingers was less than 
the curvature of the nails. In another 6 it was moderate, generally with little broadening of the 
terminal phalynx. In 10 it was slight, mainly the skin changes and localized cyanosis without 
much curvature or broadening. We have seen clubbing follow the onset of cyanosis and, even in 
patients of 20, it can become severe within a year, as is well known in other types of clubbing of 
the fingers. As might be expected, there was no clubbing of the fingers and toes in the acyanotic 
patients, though two with arterial O, saturations of 93 per cent possibly showed a very early 
stage of it. 

Squatting. Squatting is unusual in patients with simple pulmonary stenosis. It would not be 
expected in the acyanotic, and none of the 44 squatted. Even among the cyanotic it is much less 
common than in Fallot’s tetralogy where it is found in 85 per cent, but 6 of the 31 squatted at some 
time. In two the story was characteristic and dated from the time of first walking or soon after. 
A third squatted until he was 4 but then gave it up in spite of increasing cyanosis and disability, 
and the fourth did so occasionally. The remaining two started to squat when they became cyanotic 
at 7 and 18 years of age respectively. de Balsac et al. (1954) found it in as many as 30 per cent 
of their patients. 
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THE SHAPE AND SIZE OF THE HEART 


The size varies from small normal, and this may persist for some time, to very large in the later 
stages. This influences the shape, and Fig. 2-7 show some common types. The commonest is 


the 


normal-sized heart with a large pulmonary trunk, making the pulmonary arc more prominent 


than the aortic knuckle, often with, but often without, some dilatation of the left pulmonary artery 
(Fig. 2); hearts that are becoming rather larger are seen in Fig. 3. The right border is 
often prominent and rounded. The increasing size may make the left border almost straight and 
the pulmonary arc less prominent (Fig. 2C and 3A), but often the more vertical heart due perhaps 


FIG. 


Fic. 





A B c 
2.—Three small or normal-sized hearts with prominence of the pulmonary trunk from children with simple 
pulmonary stenosis. (A) and (B) show the most common shape, but a very similar picture may be seen in some 
healthy young adults. (A) From a girl of 12 with a cardiothoracic ratio (c.t.r.) of 45 (10°2/22-6cm.). (B) From 
a boy of 13 with a c.t.r. of 49 (11-0/22:6 cm.). (C) From a boy of 12 with a c.t.r. of 49 (12-5/25-6 cm.), but a 
somewhat larger heart, so that the left border has become straighter. All three were acyanotic but had right 
ventricular systolic pressures between 105 and 140 mm. Hg. Cases O715, O516, and 0923. 





B Cc 


3.—Three medium-sized hearts from young adults with simple pulmonary stenosis. In (A) the left border had 
become almost straight with the increasing size, but in (B) and (C) the heart is longer and the concave bay below 
the pulmonary arc is restored. (A) From an acyanotic girl of 17 with a c.t.r. of 49 (12:3/25-6 cm.). (B) From 
a cyanotic girl of 25 with a c.t.r. of 53 (13-9/26-4 cm.). (C) From a cyanotic girl of 26 with a c.t.r. of 55 
(14-6/26-6 cm.). The right ventricular systolic pressures were between 122 and 165 mm. Hg. Cases O55], 
1017, and H168. 
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its enlargement downwards again allows it to become prominent (Fig. 3B and C). As the heart 
comes still larger, the pulmonary arc is almost hidden (Fig. 4). The heart may be very large 
en in children (Fig. 7), but then perhaps the shape is less characteristic. 

Sometimes the picture is modified by the left, or less often by both pulmonary arteries being 
unusually prominent. Both the pulmonary trunk and its left branch may be prominent (Fig. 5B) 
or only the left pulmonary artery (Fig. SA and C). In Fig. SC the dilatation has spread unusually 
lar; the patient had few symptoms in spite of a right ventricular pressure of 180/0 mm. Sometimes 
both pulmonary arteries are dilated (Fig. 6). Occasionally the increase in the pulmonary trunk 
is almost aneurysmal, and this may happen with a heart that is not very large and in a young patient 





Cc 
FiG. 4.—Three hearts of increasing size in simple pulmonary stenosis where the left border appears more humped 
though the pulmonary arc is still visible above this. (A) From a cyanotic girl of 12 with a c.t.r. of 64 
(12-5/19-5 cm.). (B) From an acyanotic girl of 9 with a c.t.r of 64 (12-6/19:7 cm.).  (C) From an acyanotic 
woman aged 29 with a c.t.r. of 69 (17-7/25-8 c.). In all three the right ventricular systolic pressure was above 
133 mm. Hg. Cases 0328, 0468, and P272. 





FiG. 5.—Unusual dilatation of the left pulmonary artery in simple pulmonary stenosis. (A) From a cyanotic woman 
of 33 with a c.t.r. of 46 (12-2/26-6 cm.). (B) From an acyanotic boy of 16 with a c.t.r. of 50 (15-0/30-0 cm.). 
(C) Exceptional dilatation of the left pulmonary artery: from an acyanotic boy of 12 with a c.t.r. of 42 
(9:0/21-5 cm.) and a right ventricular systolic pressure of 180. In the other two the pressures were 110 and 148. 


Cases 0931, P293, and P247. 
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A B c 

Fic. 6.—Dilatation of both left and right pulmonary arteries in simple pulmonary stenosis. (A) Almost aneurysmal 
dilatation of the pulmonary trunk and the left branch though there were no symptoms; from an acyanotic man 
of 25 with a c.t.r. of 48 (13-9/29:0 cm.). (B) Dilatation of the main trunk and both branches; from an acyanotic 
girl of 19 with a c.t.r. of 45 (12-2/27-0 cm.). (C) Some dilatation and pulsation of both pulmonary arteries; 
from an acyanotic girl of 25 with a c.t.r. of 48 (12:7/26-4 cm.). The right ventricular systolic pressure was only 
60 and she was free from symptoms (see text). In the other two the pressure was between 110 and 120 mm. Hg. 
Cases H350, 0596, and H302. 





Fic. 7.—Two hearts of less characteristic shape from children, both of whom were 
cyanotic and had severe symptoms. (A) From a boy of 8 with a c.t.r. of 
57 (10-7/18-8 cm.). (B) From a boy of 4 with a c.t.r. of 68 (11-2/16°6 cm.). 
The right ventricular systolic pressures were between 115 and 118; both have 
had successful valvotomy and the hearts are smaller. Cases 1025 and 0897. 


The heart was of normal size in more than a third of these patients, though there was always 
some prominence of the right ventricle on radioscopy. In one-third it was slightly or moderately 
enlarged and in nearly a third it was greatly enlarged (see Table III). Allanby and Campbel! 
(1949), in a paper based on patients who had died, emphasized the large heart of simple pulmonary 
stenosis, but this indicates a late and serious stage and the stenosis may be severe with a heart that 
is little, if at all, enlarged. 

Cyanotic Group. The cardiothoracic ratio was 50 per cent or less in 7 of the 31 patients. 
Generally, these were not the most disabled patients, and the two who were had been fairly well 
till they were over 20 years of age. In 10 the heart was slightly or moderately enlarged (c.t.r. 51- 
56 per cent). In the other 14 it was very large and in 12 of these the ratio was over 60 per cent. 
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|, 8 of these the cyanosis and disability dated from early infancy, but in the other 6, all seriously 
cisabled and three with failure, only since they were in the teens. 
Acyanotic Group. The heart tended to be smaller and was of normal size in more than half; 
ur-fifths of the normal-sized hearts but less than one-third of the very large hearts were in the 
acyanotic group. Even these figures show that large hearts can occur without cyanosis, presumably 
ji: patients who can not develop central cyanosis because the foramen ovale is sealed. Most of the 


TABLE III 
CARDIOTHORACIC RATIOS IN SIMPLE PULMONARY STENOSIS 
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six with the largest hearts showed even more peripheral cyanosis than was usual. It is difficult 
to be sure of the natural prognosis of a patient with a large heart because this has been one of the 
criteria for pulmonary valvotomy. There were, however, six patients who died without operation 
and in four of these the hearts were large. 

Side of the Aortic Arch. There is no tendency for the aortic arch to be right-sided in simple 
pulmonary stenosis, as it is in a quarter of the patients with Fallot’s tetralogy. It was left-sided in 
all the 31 cyanotic, and in all but one of the 44 acyanotic cases. An incidence of only | in 75 means 
that a right-sided aortic arch is somewhat against the diagnosis. 


ELECTROCARDIOGRAPHIC CHANGES 
Right Ventricular Preponderance. This was found in all the cyanotic group, generally with deep 
I inversion across the chest leads to V4 and sometimes to V5 and V6 (Fig. 8). Some early patients 
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Fic. 8.—The characteristic pattern of T inversion across the chest leads and improvement of this 
after pulmonary valvotomy. (A) Before operation with T deeply inverted in leads III, VR, VF, 
and from V1 to V4, and biphasic in V5. (B) Three years after operation, showing considerable 

improvement though the T waves are still somewhat inverted or biphasic. Case 0468. 
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had standard leads only, but they showed such deep T inversion in leads II and III that all or most 
of them would probably have shown it in the chest leads; if so, it was present in 26 of the 31 and 
stopped at V3 in 3 only and reached V4 or further in 23 (Table IV), but this pattern was not seen 
in 5 cases. 


TABLE IV 
RIGHT VENTRICULAR PREPONDERANCE IN SIMPLE PULMONARY STENOSIS 








| | T inverted | T inverted 
| No R.V.P. | R.V.P. | in Vi only | to V4 
Cyanotic (31) si si | 0 | 2 | 3 | 26* 
Acyanotic with operations (30) 0 | 9 3 18+ 
Acyanotic with no operation (14) | 4 8t Zz 
| 


0 
| | 





* T inverted to V3 only in 3: standard leads only in 6 cases. 
+ T inverted to V3 only in 1 case. 
~ R=S in V1 in 2 cases and R.V.P. shown only in V3R in 2 cases. 


In the acyanotic group this pattern of T inversion across the chest leads is less constant but 
still common (18 of 44 cases). There was a great difference between those who have had valvotomy 
and those who have not, but this is mainly because the pattern was taken as an important indication 
for operation. Among the latter there were 4 who showed no right ventricular preponderance and 
4 others where it was of lesser degree than usual (Fig. 9) the R and S waves in V1 being about 
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Fic. 9.—Electrocardiogram showing very slight right ventricular 
preponderance from a patient with no symptoms and a pres- 
sure gradient across the pulmonary valve from 60 to 20 mm. 
Hg. Operation is not indicated when there is so little right 
ventricular preponderance. Case H302 (see text). 


equal, or a predominant R being found in the right-sided chest leads only. There were none with 
T inversion across the chest leads and only two with significant T inversion in V1, against 21 of the 
29 who had valvotomy. 

In all the patients with T inversion to V4, whether cyanotic or acyanotic, the right ventricular 
systolic pressure was over 100 and often greatly over this. There were, however, 16 where this 
pattern was absent although the systolic pressure was over 100 mm. There were 11 acyanotic 
cases: three of these, with pressures of 155, 146, and 115, had T inversion in V1 only; and the other 
eight, with pressures of about 150 in two and between 100 and 120 in the remainder, had no more 
than right ventricular preponderance. There were also 5 cyanotic cases: two children showed 
right ventricular preponderance only, and the other three, aged 33, 19, and 17, had fairly deep 
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inversion in V1 but no further. The first had few symptoms but her right ventricular systolic 

essure was 97; in the second it was very high, 238, and she was the only one where the heart was 
urge. The third had borne two children and had been fairly well till she was 31 years old, although 

e right ventricular systolic pressure was 110. The fourth and fifth had pressures of 63 (at 
eperation) and of 140 (at catheterization) respectively. 

It is difficult to get a parallel series where no operation has been performed to show the natural 
history of patients with a high pressure with and without this pattern. Operation has not been 
advised in two of our patients in spite of pressures over 100 and so far, both are doing well; the 
absence of this T inversion pattern certainly influenced the decision to delay operation. There 
“as one cyanotic patient (Case 12) where operation was refused, and death followed a year after 
the finding of a systolic pressure of 135, and during the last year of her life the T inversion spread 
across from V4 to V6. 

This pattern of sharply inverted T waves in chest leads V1 to V4 always indicates a right ventri- 
cular systolic pressure over 100 mm., but its absence does not exclude such a high pressure even 
when the ventricular septum is closed. It is probably one of the best indications that operation 
is needed urgently; this was suggested by Marquis (1951) who gave reasons for believing that the 
pattern developed before clinical deterioration or gross enlargement of the heart, and is supported 
by de Balsac et al. (1954). It seems, however, that it is not sufficiently sensitive, and that if a right 
ventricular systolic pressure above 100 mm. indicates operation something else is needed if 
catheterization is to be avoided. It is known, of course, that the pattern is uncommon in Fallot’s 
tetralogy, although the systolic ventricular pressure is generally about 100, and this might suggest 
that it is associated with pressures much higher than 100 mm. It often is, but in this series it was 
also found in eight patients with pressures between 107 and 125 and was absent in three with 
pressures between 140 and 160. 

P-R Intervals. Allanby and Campbell (1949) found that the P-R interval averaged 0-21 sec. 
in their cases coming to necropsy; it is much shorter in the majority at an earlier stage. In 25 of 
the 31 cyanotic patients, it was within normal limits though rather at the upper range of this (see 
rable V), for White (1951) says that it averages 0-16 sec. in adults and 0-13 sec. in children. The 


TABLE V 
THE Size OF PIT AND THE LENGTH OF THE P-R INTERVAL IN SIMPLE PULMONARY STENOSIS 





Size of PII in mm. 





7 2/3 14/]5!16417({8 i!) 9 
Cyanotic cases (31). I 2 2 | 4 6 2 Zz 0 ? 
Acyanotic cases (44). | 10 19 10 2 2 I — - - 


Length of P—R interval in sec. 


Up to| 0:15 | 017 | 0-19 | 0-21 | 0-23 | 0-25 | 
0:14 to to to to to to 0:27 | 0:31 
0-16 | 0-18 | 0:20 | 0:22 | 0:24 | 0-26 
Cyanotic cases (31).| 4 | 7/10! 4/2 /2 +! ~0 ; 
Acyanotic cases (44) . 13 10 12 7 0 l I --- — 











IX patients with intervals longer than this, from 0-21 to 0-31 sec., have all died. A prolonged 
P-R interval, therefore, often signifies a serious prognosis. 

Among the acyanotic patients the P-R interval was generally normal. There were only two 
vhere it was longer than 0-20 sec., one with only slight symptoms and a moderately raised pressure 
n the right ventricle (0-23 sec.), and one who had a pressure of 140/21 and has done well after 
yperation (0-26 sec.). 
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P Wave in Lead II. Many of these patients had a large, and some an exceptionally large, PI!. 
Brown (1939) said that PII was often large in pulmonary stenosis, and Wood and Selzer (193%) 
said that the tall pointed P was rarely seen except with pulmonary stenosis, tricuspid stenosis, 
and chronic cor pulmonale. Campbell (1948) found PII was generally pointed and often froin 
3 to 5 mm. tall, and Baker eg a/. (1949) found it averaged 4-5 mm. and was generally between 3 and 
7 mm. in 50 cases of Fallot’s tetralogy submitted to subclavian-pulmonary anastomosis. Allanby 
and Campbell (1949) found it even larger in simple pulmonary stenosis coming to necropsy, where 
it averaged as much as 5-8 mm. and could be as large as 9 mm. 
Zuckermann et al. (1951) and Joly et al. (1952) have recently empha- 
sized the large P wave in these cases; the latter state that the congenital 
P wave is relatively uncommon in Fallot’s tetralogy but much more 
common in pulmonary atresia and in the “ grandes trilogies,”’ i.e. the 
cyanotic cases with the pressure higher in the right than in the left 
ventricle. 

The maximum normal size is given as 3 mm. by White (1951) and 
as 2 mm. by Wood (19504); Chamberlain and Hay (1939) give an 
average size of 1-7 with a maximum of 2-6 mm. in the second and third 
decades. In our cyanotic cases PII was less than 3 mm. in only 3 of 
the 31; in 22 it was 3-5 mm. and in six 6-9 mm. (Table V and Fig. 10). 
In the acyanotic cases it was sometimes large but not nearly as large as 
this. In 29 of the 44 it was less than 3 mm., in 14 it was 3—5 mm., and 
in one only it was 6 mm. 

The four patients with the largest P waves have all died, but several 

where they were 5 or 6 mm. have done well after operation. If two 

Oe ae oe eee early patients who died are omitted, all except one where PII was 

large pointed PII and the more than 3 mm. have been advised to have operations; it seems that 

predominant SI and RII 4 PJ] of more than 5 mm. has some prognostic significance and is often 
that indicate right ven- i etc 

tricular preponderance. NM indication for valvotomy. 

Case 13 (P133). P Waves and the Pressure in the Right Atrium. The larger P waves 

are all associated with a high right atrial pressure and, therefore, 
presumably with atrial hypertrophy as suggested by Brown (1939) and by Wood and Selzer (1939). 
They were correlated as follows: 





Size of P wave (mm.) a a ss 9 7 6 5 5 3 5 
Right atrial systolic pressure (mm. Hg) _... mm 65 9° 25 15 15 13 11 1 
* Mean pressures. 


— A 


Of the 15 with the largest P waves several were early cases, so we have measurements of the atrial 
pressure in 9 only. It is clear that these are high pressures, but the parallel is not exact and it is 
possible to have systolic pressures of 17, 16, and 13 mm. with P waves that are only 3 mm. 


THE PRESSURE IN THE RIGHT ATRIUM 


The atrial systolic pressure averaged 14 mm. Hg in the cyanotic cases, and in the acyanotic, 
9-5 mm. in those who have had valvotomy and 6-5 mm. in those who have not. Although it is 
generally higher when there is cyanosis, it is sometimes as high when there is no cyanosis, and then 
probably the foramen ovale is firmly sealed. Where only mean pressures were available they have 
been included in Table VI. 

Some of the highest pressure were found in early patients with severe symptoms, and this might 
be expected for there is some correlation between the pressures in the right atrium and in the right 
ventricle. Deuchar (personal communication) has kindly given me a chart relating these in patients 
with simple pulmonary stenosis that he has catheterized, and the pressure in the right atrium arises 
from about 5 to about 10 mm. as the pressure in the right ventricle rises from about 50 to between 
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0 and 140 mm. Hg, but there is a wide scatter and some cases show a much higher pressure than 
ese average figures. 
Abrahams and Wood (1951) found that there was often an a wave of 5 mm. in moderate cases 
ith a right ventricular pressure of from 50 to 100 mm., and a giant a wave in severe cases when 
‘ie right atrial systolic pressure was about 10-15 mm. and the ventricular pressure from 100 to 
5mm. _ These pressures were measured above the sternal angle so should be increased somewhat 
compare with ours which are measured from the level of the mid-axillary line. A giant a wave 
nieans such high pressure on the right side of the heart that operation is probably indicated, but the 
dividing line between large and moderate waves may be difficult and the ease with which a waves 
can be seen varies with the anatomy of the neck. 


TABLE VI 


RIGHT ATRIAL PRESSURES IN SIMPLE PULMONARY STENOSIS 





Right atrial systolic pressures (mm. Hg) 











| | 20 and 














T 
| 
| 04 | 5-9 | 10-14 | 15-19 above | Average 
Cyanotic  .. .. ..| 0 | = | “=. oe 14 
Acyanotic with operation 2 9 | 6 | 3 | 0 9-5 
Acyanotic without operation | 3 8 Zz 0 0 6°6 
Total 1 5s | 2 | nun | 6 2 

Mean pressures only 
Cyanotic _ . a 4 | 5 2 | I tT ae 7 
Acyanotic 6 l | Oo | 1 | = 4 





The Passage of the Catheter through the Atrial Septum. The high pressures, when there is central 
cyanosis, suggest that it is due to a right-to-left inter-atrial shunt, but single cases are more decisive. 
The 24 with cyanosis, where the pertinent figures are available, have been divided into 10 with 
severe cyanosis, where the arterial O, saturation was generally under 70 per cent, and 14 with slighter 
cyanosis where it was generally over 84 per cent. The catheter entered the left atrium in 7 of the 
10 with severe cyanosis; the mean pressure was higher in the right in two, 15 and 4, and 3 and | mm. 
respectively; but was recorded as the same in three with mean pressures of 9, 3, and | mm.; and in 
the remaining two, no pressure record was obtained from the left atrium. The catheter passed 
through the atrial septum in only 4 of the 14 with less severe cyanosis, and the respective systolic 
pressures were 20 and 12 in the first, 7 and 5 in the second, mean pressures of 10 on both sides in 
the third, and no pressure reading was obtained from the left atrium in the fourth. 

There were, therefore, 8 cases where the catheter passed from the right to the left atrium and 
the pressure was measured in both atria; it was never higher in the left atrium, and was higher in 
the right atrium in four and was recorded as the same in four; in these four, only a mean pressure 
was available, and it may have been higher at some stage of the cardiac cycle for a very small pressure 
gradient seems enough to produce a right-to-left inter-atrial shunt. 

Even in those who were acyanotic at rest the catheter sometimes passed from the right to the 
left atrium (4 of 40 cases), though much less often than in the cyanotic (11 of 24 cases). In one of 
these they were 5 and 6 respectively, and in the second 4 and 6 mm. (mean) respectively, so that these 
two could not have a right-to-left inter-atrial shunt even though there was a potential opening. 
They may well be patients who could develop cyanosis later, but in one we hope this possibility 
has been prevented by a successful valvotomy. In the remaining two the pressure in the left atrium 
was not recorded. 








286 MAURICE CAMPBELL 


THE PRESSURE IN THE RIGHT VENTRICLE 


One of the most surprising findings in these patients is the high right ventricular pressure, 
which is often over 100 mm. Hg in both groups, and generally so in the cyanotic group, without 
any increase of the pulmonary arterial pressure, which is normal or low. Even allowing for some 
lability of the pressure these great increases readily explain the severe right ventricular strain and 
the serious prognosis in some cases. 

It is important to emphasize that these patients who have been catheterized are not representative. 
They were often chosen because their symptoms or cardiographic pattern pointed to the need for 
operation, and the two with the highest pressures (238 and 240) were sent to Mr. Brock from New 
York and from Paris, probably because their pressures were unusually high. 

The ranges of the right ventricular systolic pressures in the cyanotic and acyanotic cases are much 
the same except that several acyanotic and few, if any, cyanotic (see Table VII) have pressures less 


TABLE VII 


RANGE OF RIGHT VENTRICULAR SYSTOLIC PRESSURE IN SIMPLE PULMONARY STENOSIS 





Right ventricular systolic pressure (mm. Hg) 











| “| 
| 35 | 60 | 80 | 100 | 120 | 140 | 160 | 180 
| to | to to | to to to to | and 
| 59 | 79 | 99 | 119 | 139 | 159 | 179 | over 
Cyanotic (26) 1 o]mm|1i]9f!a4i{4tit3 {4 
Acyanotic (41) eh eae. | 3 | 3 | 8 | 6 8 
| | | 


6 | 2 





* Pressure was recorded only at operation. 


than 80. All but two of the acyanotic patients with a pressure over 100, and only one of those 
with it less than this, have had valvotomy. Many in the upper ranges are presumably patients who 
could not develop central cyanosis because the foramen ovale is sealed. For this comparison, in 
Table VII, figures for the systolic pressures have been interpolated from the mean pressures in 
nine cyanotic and two acyanotic cases; to make sure that these are not exaggerated the systolic 
pressure has been taken as double the mean pressure and, in fact, is much more than this whenever 
there are records of both. Most of these interpolated figures fall in the lower range so that the 
systolic pressures for the cyanotic cases should be higher. 

In the cvanotic group the systolic pressure was generally between 110 and 170, but it was 181 
in a girl of 7, who had only become cyanotic since she was 5; 175 in a boy aged 10, who had been 
disabled since infancy; 238 in a girl, and 240 in a young man, who were becoming very disabled. 
There was only one patient where the mean pressure was under 50 mm. (45 mm.) and one where 
the systolic pressure was under 100 mm., and in her it was found to be 65 mm., but it was measured 
at operation when it is often much lower than at catheterization. 

In the acyanotic group the right ventricular systolic pressures were generally between 60 and 170. 
In one boy, aged 12, with few symptoms it was 180; in one young man, leading an active life as an 
undergraduate, it was 170; and this level was also reached by two girls, aged 6 and 9, who had more 
severe symptoms. Here there is a striking contrast between those who have, and those who have 
not, had operations. The latter included the ten with the lowest pressures, under 90, and only 
two who were in the range of 110 to 130; while in all but one who have had operations, it has been 
over 100 mm. So far, no patient with a lower pressure has shown signs of becoming worse, so 
there has been no question of recatheterization or of advising operation. Soulié et al. (1953) 
and others have pointed out how well the milder cases do without operation. 
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CARDIAC OUTPUT 


In spite of the severe pulmonary stenosis many of these patients had a normal pulmonary flow, 
ut this is maintained only by the high pressure in the right ventricle and at the risk of right 
entricular strain. 

Cyanotic Group. The cardiac index was nearly always normal or reduced and averaged 
‘7 litres/sq. m./minute. In 6 of the 20 with available information it was within the normal limits 

of 3-0-4-0 (generally 3-0-3-5) litres/sq. m./min. and 3 of these were very disabled patients where we 

hould have expected it to be lower. In one it was higher than this. In the remaining 13 it was 
reduced (average 2:2 litres/sq. m./min.) but there were only three where it was under 2-0 litres. The 
pulmonary flow was, of course, reduced because of the right-to-left shunt (see page 275). 

Acyanotic Group. Less than a quarter of these had a reduced flow. In 10 it was above 
+5 litres/sq. m./min., which shows that their condition was not basal at the time, but that they 

could increase their output. Four of these have had valvotomy: the fact that their cardiac outputs 
were somewhat raised might seem to show that they did not need it, but right ventricular systolic 
pressures between 120 and 155 were thought to be a more decisive factor; none of them were much 
disabled. The other 6 had had pressures between 55 and 88 and none had severe symptoms. 
[here were 20 patients where the cardiac index fell within the normal range, including 13 of those 
who had operations and some others with moderate disability. 

There were only 9 where it was below 3 litres/sq. m./min. All but one of these have had valvo- 
tomy, although it was not generally used as one of the criteria for operation. The one exception 
had a right ventricular pressure of 120/0, but as he was able to play football and had no abnormal 
T inversion, operation was not advised; two years later, however, it has been advised as some 
T inversion is appearing. In 6 patients it was round about 2 litres; most of these had enough 
symptoms to make operation desirable in any case, but two with cardiac indices of 2-3 and 2:1 led 
active lives with few symptoms and little peripheral cyanosis, one being able to climb mountains 
and cycle 100 miles without difficulty, and the other being able to dance after a normal working 
day. In both the right ventricular systolic pressure was over 140 and there was T inversion across 
to V4, so that valvotomy seemed urgent in spite of the slight symptoms. 

It seems clear from these figures that the cardiac output becomes reduced only at a late stage. 
This, incidentally, makes it less easy to explain the frequency of peripheral cyanosis, and suggests 
that there must be some reflex peripheral vaso-constriction and local stasis rather than a general 
reduction of the flow. Such a mechanism for reducing the peripheral blood flow might develop 
because there is an inadequate increase of cardiac output with exercise. 


PATHOLOGICAL ANATOMY 


The most important feature is the pulmonary stenosis, almost always with dilatation of the 
pulmonary trunk. There are 13 hearts available, including the 7 described by Allanby and Campbell 
in 1949. In all these, and in nearly all the reported cases, the stenosis is at the pulmonary valve. 
Infundibular stenosis with a closed ventricular septum has been described, and we have seen two 
examples (one confirmed by operation and one by cardiac catheterization) but none proved by 
necropsy. Although infundibular stenosis is rare, the massive muscle of the right ventricle may 
cause some obstruction to its outflow tract: this may sometimes show on angiocardiography. Very 
rarely, the stenosis may be in the pulmonary trunk (Peacock, 1866, and Kreutzer 1953). 

The valvular stenosis generally has the same form, and this was so in all these 13 cases—a small 
central aperture in the conical or dome-like diaphragm that projects into the pulmonary trunk 
(Fig. 11). It was often no more than 2 or 3 mm. in diameter during life. This diaphragm is formed 
of the fused cusps—the normal three cusps in all our cases. They were often much thickened and 
sometimes the demarcation between them was obscured; but none was calcified or grossly deformed 
in shape or had an eccentric opening, as may happen in congenital aortic stenosis (Campbell and 
Kauntze, 1953). 
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Fic. 11.—A magnified photo of the pul- 
monary valve from above showing the 
fused diaphragm with a small central 
opening that is almost hidden by 
nodular development round it, though 
this is unusual. Case 12 (0328). 
Compare Fig. 14 and 15 of Allanby 
and Campbell (1949) which give more 
usual examples. 





The pulmonary trunk was generally thin-walled and always dilated, sometimes greatly so, and 
this often extended to the left branch and sometimes to the right, but not to the smaller branches. 

The rest of the heart was generally normal except for the gross right ventricular preponderance 
and the atrial septum. The right atrium was always large and often twice the size of the left, but 
was otherwise normal except for the inter-atrial communication. The tricuspid valve was normal 
except that the ring was generally dilated: this was noticeably so in Case 10 where the cusps were 
thickened and there had been clinical signs of tricuspid regurgitation for two years at least before 
his death. There were old nodular vegetations in the tricuspid valve in Cases 4 and 9 but nothing 
to suggest recent infection. 

The heart was on the average double the expected weight, the increase ranging between 150 
and 300 per cent. As this increase was mainly due to the right ventricle it shows how much it 
was hypertrophied. Its wall was always nearly as thick as and often much thicker than that 
of the left ventricle (13 mm. against 11 mm. on the average; see Table VIII); sections of the muscle 
showed advanced and widespread but localized fibrotic changes. The infundibulum was normal, 
though there was often some endocardial thickening. The ventricular septum was closed. 


TABLE VIII 
SoME ANATOMICAL DATA ABOUT THE HEART IN SIMPLE PULMONARY STENOSIS 











Diameter of | Size of | Relative thickness of | Weight of | Expected | , 

| pulmonary | defect in ventricles heart weight | Cardio- 

Case No. | valve orifice atrial } a Pee thoracic 
(mm.) | septum Right | Left (g.) (g.) | ratlo 

(mm.) (mm.) (mm.) 

GG —- None ~- | _ - - _ 
t (P212)* 3 | None 15 12 450 | 195 | 70 
2(CBI8) | 5 3x1 17 14 575 400 | 55 
3 (P031)* 2 1x! 20 14 600 | 363 64 
4 (H117)* 3 7x3 19 16 475 351 | 54 
5 (P084) | 3 10 x6 15 13 500 282 | 52 
6 (O124)* | —t |} I1x5 8 540 243 | 56 
8 (0041)* 1-2t 12x3 9 10 370 125-150 | 63 
9 G. H.* —t 16 20 10 502 | 260-320 | 53 
10(H118) | ee: 7x5 9 8 | 300 |} 95-88 | 80 
11 (OS27) | Ba | 17x4 | 2 15 | 120 | 3440 | 61 
12 (0328) 2 | 6x2 7 8 500 150 | 70 
13 (P133)* 2 18x12 14 11 | 420 | 240-290 | 62 





* Died after operation. 
+ Valvotomy had been performed so the measurements are uncertain. 
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The systemic and pulmonary veins drained normally into the right and left atria. The left side 

f the heart was normal except for minor changes. The mitral cusps were rather thickened in 

‘ree cases but never fused, and there was little or no thickening of the chorde tendinee. The 
ng was greatly dilated in Case 10, who had the largest heart and an unexplained apical diastolic 
vurmur. 

The aortic valve was always normal except that it was bicuspid in Case 12. The aorta was 
normal except that in Case 9 it was slightly narrowed at the point of origin of the ductus arteriosus. 
[he ductus arteriosus was closed in all except Case 11, where it was just patent to a probe. No 
notes were made about the bronchial arteries in Cases 9, 11, and 12, but they were not specially 
large in Cases 8, 10, and 13. 

Apart from the signs of congestive failure in most patients who died, the only common 
abnormality was the cardiac cirrhosis of the liver (Fig. 17). This is sometimes extreme, especially 
if the patient had been incapacitated for long. The histological picture was discussed by Allanby 
and Campbell (1949) and we have nothing to add, except to stress its frequency in simple pulmonary 
stenosis. This is not widely realized, e.g. an excellent paper on cardiac cirrhosis by Moschowitz 
(1952) does not refer to pulmonary stenosis as a cause. We agree with him that the raised pressure 
in the hepatic veins is probably an important cause. 


THE ATRIAL SEPTUM AND THE RIGHT-TO-LEFT SHUNT 


The importance of a foramen ovale that is not sealed and so allows a right-to-left shunt is well 
recognized. Selzer and Carnes (1953) have reviewed all the reported cases with necropsies and 
conclude that when there is central cyanosis there is always an opening in the atrial septum. They 
discuss the apparent exceptions, including Case 2 of Allanby and Campbell (1949). 

We have, therefore, examined the foramen ovale with particular care. The original necropsy 
report of Case 12 stated that there was no communication between the right and left sides of the 
heart, so this seemed another exception, but re-examination of the heart showed a typical foramen 
ovale that was covered by a valve flap but not sealed. The opening was missed at first because it 
was only in one direction that the probe passed freely through the foramen ovale to the left atrium. 

Allanby and Campbell (1949) were surprised at the anomalous findings in their Case 2 with 
cyanosis, polycythemia, and clubbing but with a closed atrial septum. Our experience with the 
heart of Case 12 and the paper of Selzer and Carnes (1953) led us to re-examine this heart, and we 
regret that our original account was incorrect. The fossa ovalis, 36 x 28 mm., was translucent, 
and from the left atrial aspect showed a free edge from the main septum (annulus ovalis) slightly 
overlapping this. After some minutes’ examination with a probe I still thought there was no 
opening: most parts of this rim were completely sealed about 2 mm. under the free edge, but there 
was an opening at the junction of the lower and middle thirds, through which a flat probe 3 mm. 
broad passed easily (Fig. 12). From the right atrial aspect the opening was hidden by the over- 
lapping edge, but it was easy to pass a probe from this side also. The gentle use of a blunt probe 
could not, I feel sure, have made this opening, so there was, in fact, an anatomical basis for a right- 
to-left shunt and for his renal infarct—a paradoxical embolism from the thrombus in the capacious 
right atrium. 

With this experience, and the similar case reported by Eakin and Abbott (1933), great care 
should be taken in examining the foramen ovale and it seems that central cyanosis always indicates 
an Opening in the atrial septum—points where we are now in complete agreement with Selzer and 
Carnes (1953). They conclude that the opening is always a patent foramen ovale, but this is not 
so. The atrial septum will be described briefly as there seems to be some doubt about the varieties 
of atrial septal defect or at least about the use of this term and of ‘* patent foramen ovale.” 

The Nature of Atrial Septal Defects. (1) If the septum primum fails to develop properly so 
that the ostium primum remains open, there will be a defect of the lower (caudal) part of the atrial 
septum. Such defects, which are easy to recognize, are sometimes found with defects of the A-V 
valves; they are not uncommon in mongols, but were not found in this series. 
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FiG. 12.—The unsealed foramen ovale in Case 2. (A) From the left atrium, showing a probe passing through the 
foramen ovale near the middle of the fossa ovale. (B) From the right atrium, showing the same probe. A 
large thrombus lies under the wall on the right of the drawing. Fig. 21 of Allanby and Campbell (1949) shows 
this atrium and the thrombus but we failed to realize that the foramen ovale was not sealed. 


(2) If the septum secundum does not develop at all, there will be a persistent ostium secundum 
at the upper (cranial) end of the septum. Defects at this site are not common except when most of 
the septum is absent (Case 11). 

(3) If the septum secundum fails to grow far enough to reach the remnant of the septum primum 
below, there will be a true atrial septal defect about the middle of the septum and this is 
the commonest form. 

(4) If the septa fuse normally but the valve flap covering the foramen ovale (a remnant of the 
septum primum) is absent, there is an opening that may be hard to distinguish from (3). This is 
sometimes referred to as a “* widely patent foramen ovale ’’—a term that is better avoided because 


Pulmonary vein 


Atrial appendage 


Mitral valve 


Fic. 13.—A small atrial septal defect in a patient with simple pulmonary 
stenosis, seen from the left atrium. The opening is of moderate size and is 
at the site of the foramen ovale; it seems unlikely that it was ever covered 

a a valve flap, unless in the course of years this can become worn away. 
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Ridge from septum secundum. 


Small septal defect. 


Fic. 14.—A large atrial septal defect, 18 x 12 mm., viewed from the left atrium, the 
wall of which has been cut away. The two ridges seemed to be remnants respec- 
tively of the septum primum and of the septum secundum fused with the sinus 


septum. Case 13. 


if the valve flap is not large enough to cover the opening the septum has not developed normally 


and there is an atrial septal defect, albeit a small one. 

(5) If the septum secundum fuses with the 
remnants of the septum primum normally and the 
foramen ovale is completely covered with a valve 
flap but not anatomically sealed, blood cannot flow 
from left to right but can flow from right to left if the 
pressure on the right side is high enough. This is 
generally called a patent foramen ovale, but to avoid 
confusion with (4) would be better called an unsealed 
foramen ovale, 

The Atrial Septum in our Cases. In two of these 
(Cases 1 and G.G.) the atrial septum was com- 
pletely closed, but in all the others who were 
cyanotic, a right-to-left shunt through the atrial sep- 
tum was possible. In three (Cases 2, 3, and 12) the 
foramen ovale was perfectly formed and the unsealed 
valve flap allowed a right-to-left shunt only (Fig. 12). 
In two (Cases 4 and 5) the foramen ovale was normally 
formed but the opening was larger and it was less 
certain that the valve flap had ever covered it com- 
pletely. In the remaining six there was an atrial 
septal defect and the septum was not normally 
formed though in four (Cases 6, 8, 9, and 10) it 
might perhaps have been called a widely patent 
foramen ovale (Fig. 13). In the last two, however, 
there was a large defect of the atrial septum, the 
septum secundum being poorly developed in one 
(Fig. 14, Case 13) and almost absent in the others 
(Fig. 15, Case 11). 





Muscle band. 


Mitral valve. 





' T ' s , 


Oo | 2 3 4cm. 


Fic. 15.—A large atrial septal defect, 17 x4 mm., 
where there seemed to be little, if any, 
development of the septum secundum. There 
was no trace of any valve flap. The heart seen 
from the left side with the left atrium opened. 
Case 11. 
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Notes OF CASES WITH NECROPSY 


The following points were common to all the patients and are recapitulated here to save repetition 
None gave a history of squatting except Case 12. Unless otherwise stated, there was a systolic thrill in th 
pulmonary area. No diastolic murmur was heard except in Case 10 toward the apex. 

On radioscopy the enlargement of the heart was mainly due to the right ventricle, and the pulmonary) 
trunk and the left pulmonary artery were dilated in varying degree. The aortic arch was left-sided. There 
was right ventricular preponderance in the electrocardiogram. The common features of the necropsy have 
been described. 

Case G.G. and Cases 1-6 have already been fully reported (Allanby and Campbell, 1949; their Case 7 
is still well). 

Case 8 (0041). This girl, aged 8 years, had always been breathless, but could sometimes walk a mile 
slowly. No cyanosis was observed till she was 4, and neither this nor the clubbing, nor the polycythemia 
(hemoglobin 120%) were severe when she was first seen. 

The heart was greatly enlarged, c.t.r. 57 (m.t.d. 12/21 cm.).. A harsh systolic murmur was well heard in 
the pulmonary area and the second sound was normal. No systolic thrill was felt. The blood pressure 
was 105/65. The cardiogram showed a pointed PII of 7 mm. and T inversion across the chest leads to VS. 

During the next year she became much worse and had sternal pain on walking a few yards. Her cyanosis 
and clubbing increased, the red cell count rose to 8-6 million, the hemoglobin to 158 per cent, and her heart 
became still larger (c.t.r. 63). At catheterization the pulmonary artery could not be entered, but the pressure 
in the right atrium was 15/4 and in the right ventricle 155/27 against a systemic pressure of 105/65 mm. 
The arterial O, saturation was only 52 per cent. 

Even in the short period of waiting for pulmonary valvotomy she had two attacks of unconsciousness 
in which she seemed to be dead—the second just after her admission to hospital. Unfortunately, the heart 
stopped beating before the operation was started, though after an injection of adrenalin valvotomy was 
quickly performed in the vain hope that it might assist her recovery. 

Necropsy. The heart weighed 370 g. The right atrium was hypertrophied and dilated, the cavity being 
about twice the size of the left atrium. There was a crescentic defect measuring 12 mm by 3 mm. in the 
upper posterior part of the atrial septum (Fig. 13). Apart from this both the septum primum and the septum 
secundum were normally formed. 

The tricuspid valve was dilated (35 by 26 mm.). The right ventricle was greatly hypertrophied. The 
pulmonary valve consisted of the usual diaphragm convex upwards and formed of three cusps. The valve 
ring was normal in size (14 x 14 mm.) and the central opening had been dilated by operation but had 
probably been no more than 1-2 mm. The pulmonary trunk was dilated to a diameter of 20 mm. compared 
with 14 mm. for the aorta, 2 mm. above the valve rings. The left side of the heart was normal. 

The liver was enlarged and showed nutmeg changes and some degree of fibrosis. The other viscera 
were normal. 

Case 9 (Case 19; Brock and Campbell, 1950). This girl, aged 22, was under the care of Dr. Wood. 
She had always been cyanosed and became more so at 12 and again at 20; she was always dyspneeic but could 
walk two miles and swim and dance till she was 16 years of age. From then she gradually became worse 
and could only walk 300 yards and sometimes lost consciousness. 

She was intensely cyanosed with severe clubbing and polycythemia, the red cells being 7-3 million, and 
the hemoglobin 142 per cent. There was a harsh systolic murmur without a thrill in the pulmonary area 
and the second sound was pure. B.P. 110/90. Her heart was enlarged, c.t.r. 53 (m.t.d. 14-0/26°5). The 
cardiogram showed T inversion to V3. The arterial O, saturation was only 50 per cent and the mean pressure 
— = ventricle was 64 mm. Hg. She did well for some days after valvotomy, but then died rather 
suddenly. 

Necropsy (by the late Dr. Channell). The heart was enlarged and weighed 502 g. Its surface was 
covered by fibrin and was slightly reddened and inflamed. The right atrium was dilated and hypertrophied. 
There was a rather large atrial septal defect with a diameter of 16 mm. The tricuspid valve cusps showed 
some old vegetations. The right ventricle was greatly hypertrophied. The pulmonary valve showed the 
dome-like fusion of the cusps and the small opening was surrounded by old thickened vegetations. The 
pulmonary trunk was greatly dilated beyond the stenosis, the diameter being 30 mm. compared with 
14 mm. for the aorta at the same level. 

The left side of the heart was normal. There was slight narrowing of the aorta at the point of origin 
of the ductus arteriosus which was closed. 

Case 10 (H118). This boy, 6 years old, had never walked more than 100 yards. Cyanosis had been 
present from birth, the fingers were clubbed, and the hemoglobin was 120 per cent with a red cell count of 
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5 million. He was small and thin and had a very prominent abdomen due to the large liver. The venous 
ulse in the neck due to a large a wave had been noted for some time. 

There was a harsh systolic murmur, best heard in the pulmonary area, and a diastolic thrill and murmur 
t the apex. The blood pressure was 80/60. His cardiogram showed a large pointed PII and T inversion 
1) leads II] and from V1 to V4. The heart was very large, c.t.r. 80 (m.t.d. 14-3/17-8 cm.). 

The catheter passed from the right atrium (mean pressure 15 mm. Hg) to the left where the pressure was 
iuch lower (4 mm.), but could not be advanced into the right ventricle. It was, therefore, certain that he 
iad a right-to-left inter-atrial shunt, tricuspid regurgitation, and oligemic lung fields, but pulmonary stenosis 
vas not then diagnosed confidently enough to advise operation, though in retrospect it seems obvious. 

A year later he developed congestive failure, and died before valvotomy could be arranged, though it is 

doubtful if it could have reversed such advanced changes. 

Necropsy. The heart was very large and weighed 300 g. The thin-walled right atrium was greatly 
dilated and would admit a small fist. An oval defect of the atrial septum, 5 x 7 mm. across, with a thickened 
margin, was uncovered by any valve flap; it was slightly eccentric in a rather large fossa ovalis (Fig. 16). 
rhe tricuspid cusps were thickened and the ring was 10 cm. in circumference. The right ventricle was much 
hypertrophied with stout papillary muscles. On section, the muscle showed fairly diffuse fibrosis. 





A B 
FiG. 16.—The heart from Case 10 showing an atrial septal defect that measured 5 X 7 mm. and had no trace of a 
valve flap. (A) The hypertrophied right ventricle and the greatly dilated right atrium with the septal defect in 
the centre. (B) The small left ventricle and the left atrium showing the septal defect without any covering 
valve flap. 

The pulmonary valve showed fusion of the three cusps to form a dome with a central opening that 
admitted a probe of 1-5 mm. diameter. The pulmonary trunk was greatly dilated (18 mm. in diameter 
compared with 14 mm. for the aorta); the left branch was 13 mm. across and the right only 7 mm. _ The left 
side of the heart was normal except that the mitral ring was dilated and 9 cm. in circumference. 

The liver was large and weighed 740 g. Its surface was irregularly nodular and showed cardiac cirrhosis 
(Fig. 17). On section there was much fatty change and some increase of fibrous tissue. 

Case 11 (0527). This girl, 10 months old, was short of breath even with feeding, and cyanosis had been 
present from birth. Early clubbing of the fingers was already apparent. She had had two attacks of severe 
dyspnoea and cyanosis after crying in which she became limp and semi-conscious. 

There was a harsh systolic murmur heard all over the left side but no thrill was felt; the pulmonary 
second sound was diminished. The heart was large, c.t.r. 61 (m.t.d. 7:5/12-2 cm.) and the lungs were 
very oligemic. The cardiogram showed a large pointed PII of 5 mm., and the T waves were inverted in 
lead III and slightly biphasic with a late-rising peak in V1 to V5. The hemoglobin was 98 per cent. 
During the next month there were four more severe attacks of cyanosis and unconsciousness and she died in 
one such attack on the day of admission. 
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Fic. 17.—Section of the liver showing cardiac cirrhosis. The normal pattern is 
replaced by large and small pale areas of regenerating parenchyma, separated by 
broad bands of congested fibrous tissue. The surface is nodular and the capsule 
thickened. About two-thirds of natural size. Case 10. 


Necropsy. The heart weighed 120 g. The right atrium was much larger than the left. In the atrial 
septum there was a large oval defect, measuring 17 x 4 mm., with its long axis lying almost vertically (Fig. 
15); it lay high up and rather posteriorly. There seemed to have been no development of the septum 
secundum. 

The right ventricle was hypertrophied. There was a severe valvular stenosis and the opening would 
only admit a probe. It consisted of three cusps and had the usual form, a nipple-like projection extending 
4 mm. into the pulmonary trunk. There was a suggestion of an infundibular chamber about 12 mm. long, 
but no stenosis at its ventricular end. The pulmonary trunk (6 mm. in diameter) was less dilated than 
usual. 


The left side of the heart was normal. A small patent ductus arteriosus 2 or 3 mm. long would just 
admit a fine probe. 


The liver was congested and the pylorous was slightly hypertrophied. 


Case 12 (0328). This girl, aged 12 years, was always rather breathless, but little more, till she was 
8 years old, after which her cyanosis and disability gradually became more evident. She had not been to 
school for two years but could walk half a mile slowly. She had squatted for four years. She was 
cyanosed at rest, even on a day when her father said her blueness was less than usual; it was often deep 
enough to be remarked on by strangers. The hemoglobin was 111 per cent, but the clubbing of the fingers 
was only slight. 

There was a widely distributed systolic murmur, maximal in the pulmonary area, a systolic thrill, and a 
diminished pulmonary second sound; the blood pressure was 110/70. The heart was very large, c.t.r. 64 
(m.t.d. 12:5/19°5 cm.) (Fig. 4A), and the lungs were very oligemic. The cardiogram showed T deeply 
inverted in leads II and III and across the chest leads from V1 to V4. 

Six months later, catheterization confirmed severe pulmonary stenosis, the pressure being 135/8 in the 
right ventricle and 31/10 mm. Hg in the pulmonary trunk. The arterial O, saturation was 94 per cent 
and both the pulmonary and systemic flows were reduced, 1:9 instead or 3 litres a minute. The red cell 
count had fallen to 4-6 million and the hemoglobin to 88 per cent, and lying in bed in the ward she did not 
seem cyanosed. Operation was strongly advised, but this was refused by her parents. 

A year later she could only walk 100 yards, and was more cyanosed, with a still larger heart (c.t.r. 70), 
and even more right ventricular strain, the T inversion reaching to V6 instead of to V4. Her parents were 
now anxious for an operation, but after ten days in hospital, while an attempt was being made to improve 
her condition, she felt unwell with tightness across the chest, and died suddenly a few hours later. 
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Necropsy. The heart was very large, weighing 500 g. The right atrium was twice the size of the left 
ut otherwise normal. From the left side the foramen ovale was covered by a valve flap. Ifa flat probe 
as passed into this vertically downwards or at all anteriorly, the foramen ovale seemed sealed, but if it 
as sloped rather posteriorly it passed quite easily into the right atrium. Looked at from the right, the 

opening was rather more obvious, and a round probe could pass through without any obstruction. The 
pening was no more than 6 x 2 mm., but this was larger than the pulmonary opening which had allowed 
the passage of enough blood to support life. 

The right ventricle was greatly hypertrophied. There was a severe stenosis of the pulmonary valve, 
he cusps being fused with a central opening, 2 mm. in diameter (Fig. 11). The pulmonary trunk was 
dilated (diameter 13 mm., 10 mm. above the valve) and the right lateral border was almost aneurysmal and 
its wall was covered by pale, firm, well-organized thrombitis, the position suggesting it was formed by the 
jet of blood forced through the pulmonary valve. 

The left side of the heart was normal, except that the aortic valve was bicuspid; it seemed, however, to 
be functioning normally. 

The liver was enlarged (1300 g.) and showed severe passive congestion and nutmeg changes. On section, 
a large part of the parenchyma were replaced by dilated capillaries. 

Case 13 (P133). This French girl, aged 19, was known to have a murmur from three months. When 
she was 4, she was regularly cyanotic, but got on well and could walk two miles until she was 7, when she 
began to lose a little ground; from 15 onwards she began to walk less and to find stairs difficult and became 
more cyanotic, with progressive clubbing of her fingers. When 17, she went to Baltimore for a subclavian- 
pulmonary anastomosis, which produced some temporary improvement but never up to her best previously. 

She was seen in 1950, when she was 19, as Dr. Helen Taussig had suggested pulmonary valvotomy. 
She could walk very little and was deeply cyanosed. The liver was enlarged and pulsating and there was 
slight oedema of the ankles. There was a harsh rasping systolic and a softer thrill in the pulmonary area 
with a diminished second sound; and further out the continuous murmur of the anastomosis. The heart 
was enlarged, c.t.r. 62 (m.t.d. 14-5/23-2 cm.; two years earlier it had been 58). The cardiogram showed 
T inversion from V1 to V4, and a large pointed PII, 9 mm. high—changes that had been present for at least 
three years. The red count was 7:5 million (as in 1947) and the hemoglobin 154 per cent (148% in 1947). 

Angiocardiography confirmed a shunt from the right to the left atrium, and suggested severe pul- 
monary stenosis. Catheterization was repeated: the mean right ventricular pressure was 53 mm. Hg, but 
the pulmonary trunk could not be entered. The arterial O, saturation was 69 per cent. The catheter 
passed readily to the left atrium and the atrial septal defect seemed large; the effective pulmonary blood 
flow was only 1-7 litres/min. with a right-to-left shunt of 3-4 litres/min. 

At operation the severe valvular stenosis was confirmed. It was hoped that it had been relieved, but 
while the subclavian-pulmonary anastomosis was being closed, bleeding became severe and led to her 
death later in the day. 

Necropsy. The heart was greatly enlarged and weighed 420 g. The right atrium was large but other- 
wise normal. The atrial septum had failed to develop normally and showed a large defect, measuring 
18 x 12 mm. without any trace of a valve flap. Below the defect there were two obvious ridges (Fig. 14). 
The upper was a remnant of the septum primum and the lower was an abnormal upper ridge of the septum 
secundum that seemed to be fused with the sinus septum; in addition, it seemed that it had been formed in 
an abnormal position. There were at least three other small defects in the septum primum, the largest 
being about 3 X 1 mm. 

The right ventricle was greatly hypertrophied. The pulmonary valve formed from three cusps showed 
a dome-shaped stenosis of the usual type, with a small central opening that was no more than 2 mm. 
Valvotomy had not, as generally, split this small opening, but had divided the valve at the side; this had 
certainly overcome the obstruction, but might have led to regurgitation. The pulmonary trunk was dilated 
mean diameter 9 mm. compared with 11 mm. for the aorta). 

The left side of the heart was normal. The subclavian-pulmonary anastomosis seemed to have been 
functioning well, but it had been ligated at her recent operation. 

The liver was enlarged and showed some degree of fatty change and fibrosis. 


PULMONARY VALVULAR STENOSIS WITH A LEFT-TO-RIGHT SHUNT 
In addition to the cases described, many with a right-to-left inter-atrial shunt, there were 18 
others where there was a left-to-right shunt as well as the pulmonary stenosis. Sometimes both 
conditions were recognized clinically, but more often only one or the other, and the combination 
was only vaguely suspected, or quite unsuspected, until after catheterization. The clinical diagnosis, 
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and this generally agreed with the predominant lesion, was pulmonary stenosis in 6, a left-to-right! 
shunt in 8, and both conditions in 4 patients. 

Only one was cyanotic. She was found to have moderate pulmonary stenosis with a right-to 
left shunt, probably through an atrial septal defect, and a larger left-to-right shunt, probably because 
most of the pulmonary veins drained into the right atrium. The other 17 were acyanotic. The 
cyanotic Case Cl and Cases A3, El, and E2, of Table IX, have been fully reported by Deuchar and 
Zak, 1951 (Cases 1-4). 

TABLE IX 
CATHETER FINDINGS IN PATIENTS WITH PULMONARY STENOSIS AND A LEFT-TO-RIGHT SHUNT 





Sex Oem pucmings saturation Systemic | Pulmonary | Pressures 
Case No. and — - — flow flow |———____——— 
age iS V.C| LV. C| R.A. | RV. | PA. ‘—ar litres/min. litres/min. R.V. | P.A. 
With atrial aed pore or anomalous pulmonary venous drainage 

C1 (0009) | F7 71 72 |91-5tt] 89-0 | 89-4 86 | 4-9 | 9-5 68/7 | 35/12 
Al (1129) | F21 65 73 | 80-4t | 72-1 | 74-9 98 43 5:1 95/3 | 18/10 
A2 (0875) | M8 68 | 63 |74:8 | 71-7 | 70-0 98 4-0 4:5 63/3 | 21/5 
A3 (P259) | MI2| 65* 62 | —t 82-5 | 85-7 | 98 4:8 13-4 117/8 | 27/4 
A4 (H314) | F9 | 66 — |89-0t | 89-0 | 85-0 | 92 4-0 12-7 62/0 | 20/9 
A5 (0430) | M9 54* | 69 | 82-4 | 88-7 | 84-6 | 95 2:7 10-1 89/7 | 22/10 
A6 (CB27) | F9 | 74 | 77 |87-6 | 86-3 | 87-6 | 94 6:3 14-5 49/0 | 24/6 
A7 (1116) | M6 | 74 68 | 84:9 84-9 | 86:2 93 3-9 T3 55/0 | 23/9 

With ventricular septal defects 
BI (0948) | M25 61 63 | 63:5 | 75-8 | 74:8 . 4-4 6°5 121/3 | 22/10 
B2 (P289) | MS | 71 | — |70-6 | 82:5 | 81-1 93 2:9 6:1 72/04 | 36/16 
B3 (0825) | MI2 | 50 | 70 | 72:8 | 88-8 | 84-5 95 49 8-1 110/0 | 23/8 
B4 (0684) | MI7| 66 | 65 |62°6 | 84-8 | 85-4 97 4°5 12:7 85/2% | 50/15 
B5 (0655) | F19 | 62 | 64 | 66:0 | | 73°88 | 79-0 | 98 5:4 | 9-5 98/5 | 30/7 

‘With patent ductus arteriosus 
D1 (0532) | F29 58 | 51 | 60-0 | 59-0 | 85-5 | | 3°] | 9-0 158/10 | 36/16 
D2 (0576) | M13 | 63 | 64 | 65:3 | 68:0 | 82-6 97 3-4 6°8 115/0 | 45/22 

| 

Anomalous mixed cases 
El (P299) | MIO | 67* — |64:0 | 70-2 | | 97 3-4 5°5 48/0 | 22/10 
E2(O512) | M6 | — | 62 | 63-0 | 75-9 | 77-2 | 95 | 3-2 5°7 89/4 | 35/8 
E3 (P248) FI2 | 61 | — |61:0 | 76-7 | 75:0 | 94 5-0 10-0 


56/0 | 37/16 





* Left S.V.C. draining into R.A. through coronary sinus, as well as right S.V.C. 


+ ?Anomalous pulmonary venous drainage in the right atrium. 
t Catheter passed through atrial septal defect. 

§ Catheter passed through V.S.D. to aorta. 

“ ? Infundibular stenosis. 


With Atrial Septal Defect or with Pulmonary Veins Draining into the Right Atrium (7). This included 
4 cases where the clinical diagnosis was pulmonary stenosis and 3 where it was atrial septal defect, and in 
one of each of these groups the double diagnosis was suspected. In two of the former the pulmonary 
stenosis was severe (Cases Al and A3, Table IX), but it was far from insignificant in the others, although 
in two of them it was unexpected until catheterization. 

It is certain that there was a left-to-right shunt into the right atrium in six, and almost certainly in the 
seventh, though no atrial specimen was obtained. But only in Case A4 was the shunt proved to be through 
an atrial septal defect, and in three there was some reason for thinking that it might be due to pulmonary 
veins draining into the right atrium; in one (Case A3) the evidence for this was good, and it was thought that 
all the pulmonary veins might empty in this way, but in the other two (Cases AS and A1) the only evidence 
was that the right atrial pressures were rather high, 10/4 and 8/4. In two of these three (Cases A3 and A5) 
there was a persistent left superior vena cava that drained into the right atrium through the coronary sinus. 

In the five cases where the pulmonary stenosis seemed most important the electrocardiogram was what 
might be expected for this, though none showed the pattern of T inversion across the chest leads except 
one where it reached V2 only, and in two the evidence of right ventricular preponderance was slight. In the 
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her two, where the left-to-right shunts seemed more important, one had typical and one atypical partial 
ht bundle branch block. 

Many of the cases of simple pulmonary stenosis with a right-to-left interatrial shunt had a normal fora- 
en ovale with a valve flap, so that an earlier left-to-right shunt was not possible; but at least three of those 

\ith necropsy could have had a left-to-right shunt earlier, because there was a true septal defect; there 
as, however, no clinical evidence that they had ever had such a shunt. 

Possibly the cases that presented clinically as atrial septal defects may, as the effect of the pulmonary 
ienesis increases, reverse the interatrial shunt, but we have seen no proved example of this. Abrahams 
id Wood (1951) described five cases with a left-to-right shunt (their Table VIII) similar to ours, but all 
with pulmonary stenosis that was only slight. They also described seven cases with pulmonary stenosis 
nd a right-to-left interatrial shunt (their Table IX), but there is no proof that these had a left-to-right shunt 
earlier and they resemble those included in the body of our paper. 

Operation has not been advised in any of these patients as in all the pulmonary blood flow was increased 
by the left-to-right shunt; but it was not much increased in Cases Al and A2, and if the right ventricular 
strain increases, valvotomy should be advised. 

With Ventricular Septal Defects (5). These cases are by definition excluded from the group of simple 
pulmonary stenosis, but seem worth short consideration. The clinical diagnosis was ventricular septal 
defect in three, pulmonary stenosis in one, and both conditions were suspected in one though the left-to- 
right shunt seemed more important than the stenosis. In the two latter (Cases BI and B3) the pulmonary 
stenosis was severe, as judged by right ventricular pressures of 121 and 110, but it was not insignificant in 
the other three with pressures of 98, 85, and 72 mm. Hg. In spite of these high pressures none showed the 
pattern of T inversion across the chest leads and, in two of them, the R waves were not predominant in the 
chest leads till V4R was reached (Cases B3 and B4). 

One of these had heart block that was generally complete and, in spite of an arterial O, saturation of 
95 per cent, had some evidence of cyanosis at times; this may have been peripheral but as the pressure in 
the right ventricle was close to that in the aorta, 110 and 123 respectively, there may sometimes have been a 
right-to-left shunt and Fallot’s tetralogy with a trivial degree of over-riding of the aorta is difficult to exclude. 

Any of these patients might develop a condition indistinguishable from Fallot’s tetralogy if the pressure 
on the right side rises enough to reverse the shunt, because this depends on the relative pressures and not 
on the mere presence of an over-riding aorta. Considering the high pressures, it is surprising that none of 
them has done so, and the condition is very like Fallot’s tetralogy where the degree of cyanosis (and of over- 
riding aorta) is minimal, or indeed where there has been a very successful valvotomy; but since this paper 
was written we think that Case B1 is doing so and operation is being considered. 

Otherwise, operation has not been advised in any of these patients. In spite of the severity of the 
stenosis in some of them, the pulmonary blood flow is increased, sometimes greatly so, and they seem best 
left with their present balance as pulmonary valvotomy might increase the left-to-right shunt unduly. 

With Patent Ductus Arteriosus. There were two examples of this combination. Only one had a con- 
tinuous murmur and in her the patent ductus was diagnosed easily, but the pulmonary stenosis was added 
with less certainty on clinical grounds, though it was proved to be severe on catheterization, the pressure 
gradients across the pulmonary valve falling from 158/10 to 36/16 (Case D1). She had gross right ventri- 
cular preponderance with the pattern of T inversion across to V3 and a very large heart (c.t.r. 68 per cent). 
\s she was 34 and getting on well, operation was thought too dangerous, but two years later she had become 
much worse and valvotomy was successfully carried out by Mr. Brock, the patent ductus being tied at the 
‘ame time: the result has been very good and the heart has become much smaller. 

The second, a boy, aged 13, was diagnosed clinically as uncomplicated pulmonary stenosis with slight 
ymptoms and a heart of normal size. No continuous murmur was heard, but an increase of the O, 
aturation from 68 per cent in the right ventricle to 82 in the pulmonary trunk seems adequate evidence of 

patent ductus arteriosus. It is hard to see why there was no murmur in diastole when the pressure in the 
sulmonary artery was hardly raised (Case D2). 

Anomalous Mixed Conditions. There were three cases where the clinical diagnosis was a left-to-right 
hunt, possibly a patent ductus, and where pulmonary stenosis was diagnosed only at catheterization. 

hey were a curious group with varied and complicated lesions. 

In one boy, the left-to-right shunt was thought to be through an aortico-pulmonary septal defect, and 
1e pulmonary stenosis was slight (Case El). In the second boy, the diagnosis was congenital aneurysm 
f the sinus of Valsalva that had probably ruptured and produced aortic incompetence during an attack of 
acterial endocarditis; the pulmonary stenosis was moderately severe (Case E2). The third was even more 
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complex. Ligation of a patent ductus failed to cause the disappearance of the ‘“ continuous’? murmur, 
which several observers before operation had thought was the to-and-fro murmur of aortic incompetence. 
She was re-catheterized, and the successful closure of the patent ductus was confirmed; in addition there v as 
a slight pulmonary valvular stenosis and a left-to-right shunt into the right ventricle, which makes it likely 
that her gross aortic incompetence was due to an abnormal aortic cusp associated with a defect of the 
ventricular septum (Case E3). 


SUMMARY 


Simple pulmonary stenosis—valvular stenosis with a closed ventricular septum—is common. 
The slighter cases must be diagnosed by physical signs alone, and only the more severe can be 
expected to show hemodynamic effects of the stenosis. A rough systolic murmur and thrill in the 
pulmonary area should suggest the diagnosis, especially if there is a prominent pulmonary arc and 
some enlargement of the right ventricle. 

In the slighter cases, the prognosis is excellent. I have recently seen two such patients—one a 
man of 66 in whom I made the diagnosis twenty years ago and the symptoms have been trivial till 
the last few months, and the other a man of 38, with an unusual degree of peripheral cyanosis, who 
leads a normal life in every way and served as an infantry officer during the war, when he was able 
to take part in quite active sports. 

Central cyanosis is always due to a right-to-left inter-atrial shunt; it adds to the gravity of the 
condition but hardly changes the general picture. The two groups were analysed separately, but 
the findings were so similar that they have been considered together. A patient may develop 
cyanosis at any age, but often not until early adult life. Some cyanotic patients squat but much 
fewer than among those with Fallot’s tetralogy. 

In most cases the heart is of normal size, but as the condition becomes more severe it may 
become very large; this is a late sign. The aortic arch is nearly always left-sided. 

Right ventricular preponderance may be absent from the electrocardiogram but, if so, the stenosis 
is slight and unimportant. It is present in moderate cases and, as the stenosis becomes more severe, 
there is a characteristic pattern of right ventricular strain with deep T inversion spreading across 
the chest leads to V4 or further. This pattern and giant P waves generally show the need for 
pulmonary valvotomy. 

The right atrial pressure shows some correlation with the right ventricular pressure. A giant 
a wave in the jugular pulse and unusually large P waves are found with the higher atrial pressures. 
The right ventricular systolic pressure is generally between 100 and 180 mm. Hg in the cyanotic 
cases. It is just as high in many acyanotic cases, but there are many others where it is only slightly 
or moderately raised, between 50 and 80 mm. These patients have few or no symptoms and there 
is no indication for pulmonary valvotomy. The cardiac output does not fall till a fairly advanced 
stage, so that reflex peripheral vaso-constriction is probably responsible for the peripheral cyanosis 
that is often seen. 

Thirteen hearts were available for describing the pathological anatomy. The stenosis was 
always at the valve cusps which were fused to form a dome-like diaphragm with a small central 
opening. The pulmonary trunk was dilated. The rest of the heart was generally normal except 
for the gross hypertrophy of the right ventricular muscle which was thicker than the left, and the 
defect of the septum. There was always an anatomical basis for a right-to-left shunt when the 
patient was cyanotic. Generally this was an unsealed foramen ovale, but often a small atrial septa! 
defect and occasionally a large one. 

A few other cases where pulmonary valvular stenosis was complicated by an additional lesion 
causing a left-to-right shunt are described shortly. 

The results of pulmonary valvotomy will be discussed in a subsequent paper. A right ventricula* 


pressure over 100 mm. Hg; right ventricular strain in the cardiogram; a giant a wave in the jugular 
pulse; severe symptoms; and much enlargement of the heart, perhaps in this order, are signs 0° 


increasing severity. If any of the last four are present the operation of valvotomy is generall\ 
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SIMPLE PULMONARY STENOSIS 


indicated at once, though even in the later stages it may still produce dramatic improvement. 
Moderate or increasing disability without these signs suggests the need for catheterization to measure 
the right ventricular pressure, and if this is above 100 mm. Hg it is probably wise not to defer 
operation. 

I am grateful to Mr. R. C. Brock and to Dr. C. G. Baker for asking me to see some of these patients, and to Mr. 
3rock for his surgical treatment of many of them. I should like to thank Dr. Deuchar and Dr. Shephard for the 
results of cardiac catheterization, Dr. Paul Wood and the Registrars at the Heart Hospital for four of these, and 


Drs. Allanby, Brinton, Hudson, and Baylis for help with the pathological anatomy, and Dr. Hudson for Fig. 16 
and 17 as well; also Miss M. J. Waldron for the drawings and Mr. Engel for most of the photographs. 
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APPENDIX 


Since writing this, a fourteenth case that was not included in Table VIII has come to necropsy. 
A man, aged 37, who was known to have had a murmur since he was four years old, led an active 
life with no symptoms and played vigorous tennis until he was 30. He then became progressively 
more breathless and from the age of 33 was almost an invalid with auricular fibrillation and a very 
large liver, and later with recurrent ascites that needed tapping. The heart was enormous, c.t.r. 70 
(m.t.d. 21/30 cm.) and there were the usual signs of pulmonary stenosis. Catheterization a year 
before showed a pressure of 120/15 (mean pressure 43 mm. Hg three years earlier) in the right ven- 
ricle and 15 in the pulmonary artery: the arterial O, saturation had fallen from 97 to 93 per cent. 
We are indebted to Dr. Vernejoul of Marseilles for these reports. The electrocardiogram showed 
uricular fibrillation and signs of right ventricular preponderance and partial right bundle branch 
lock. The aortic arch was left-sided. 
It was thought that pulmonary valvotomy was his only hope, even though the cardiac cirrhosis 
i the liver might have progressed too far for recovery in this direction. This was performed success- 
illy by Mr. R. C. Brock without any unusual difficulty: the pressure in the right ventricle was 
‘duced from 84/14 to 38/16 mm. Hg. Mr. Brock was surprised at the thinness of the wall of the 
ght ventricle compared with other cases of simple pulmonary stenosis, but this was probably due 
) the great dilatation of the heart. His condition seemed good after the operation, but he died 
iddenly on the third day after, presumably from ventricular fibrillation. 





300 MAURICE CAMPBELL 


Necropsy. Permission was given for a limited examination only. The pericardial sac contained 
300 ml. of cloudy fluid and there was a generalized fibrinous pericarditis. The heart weighed 625 g. 
and looked enormous, due largely to dilatation of the right atrium and both ventricles. There wis 
some muscle hypertrophy but it was less than has been usual in the right ventricle. The arrangement 
of the great veins and arteries was normal and there was no communication between the two sides 
of the heart. The tricuspid valve was grossly dilated and slightly opaque. The pulmonary valve 
had three fused cusps and looked as if, before its surgical division, it had been of the usual dome shape 
and no more than from 2 to 3 mm. in diameter. The pulmonary trunk was greatly dilated, 35 mm. 
in diameter 20 mm. above the valve, compared with an aorta 18 mm. in diameter just above the valve. 
The aortic valve was normal. The mitral valve was normal except that it was a little dilated. The 
coronary arteries were remarkably free from atheroma and were normal except that the orifice of the 
right artery was double, being divided by a fibrous band. 

There was some partial collapse of the lower lobe of the left lung. There was cardiac cirrhosis of 
the liver. I am indebted to Dr. J. B. Enticknap for the account of the necropsy and he informed me 
that he had rarely if ever seen such an advanced degree of cardiac cirrhosis. 
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Following the basic research into the photometric characters of oxyhemoglobin and reduced 
hemoglobin by Nicolai (1932) and Kramer (1934), Matthes described the first oximeter in 1935. 
The early oximeters used only visible red light for the recording of oxygen saturation and so were 
not compensated for variations in hemoglobin concentration unless indirectly, through plethysmo- 
graphy. Matthes, later, was the first to use light absorption in two spectral regions differently 
absorbed by oxygenated and reduced hemoglobin and so was able to compensate for variations 
in hemoglobin concentration. 

The demands of physiological research in aviation medicine during the 1939-45 war hastened 
the development of an ear oximeter suitable for clinical use. Many workers in the United States, 
among whom Millikan (1942) is outstanding, explored the technical problems presented by the 
construction of a satisfactory ear piece and recording circuit. The Millikan oximeter, however, 
needed to be calibrated for full saturation in each patient, and was therefore of little use in assessing 
absolute values needed in cyanotic states. 

Wood and Geraci (1949) by the use of suitable circuit re-arrangements and a pressure capsule 
built in the oximeter head, have modified the Millikan oximeter to give absolute arterial oxygen 
saturation readings. An instrument of this type, a commercial model,t has been used by the 
present workers. By attaching a Cambridge dropping plate camera and a time-marker, recording 
one second intervals, a permanent photographic record of the galvanometer beam deflection can 
be obtained. This instrument has now been in use in this department for some two years. In 
the following paper we record our experiences with it used as a clinical adjunct in the determination 
of arterial oxygen saturation and an extension of its use with Evans Blue dye (T.1824) in the 
determination of mean circulation time and cardiac output. 


METHODS OF USING THE OXIMETER 


Determination of Arterial Saturation and Calibration. In order to achieve maximum vasodilata- 
ion in the ear, so that skin blood became arterialized, the oximeter was placed on the pinna some 
5 minutes before setting the instrument and starting readings. In most subjects, the warmth from 
he light contained in the oximeter head was sufficient to produce such dilatation. In the minority, 
owever, it was found necessary to apply a cream with a vasodilator action (due to nicotinamide as 
S main constituent) to the pinna before adjusting the oximeter. Since the application of this 
ream, in some instances, resulted in local cedema, causing fluctuation in the oximeter readings, 
ve have used the cream very sparingly. 

As a preliminary to its use in clinical medicine, it was necessary to assess the accuracy of the 
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oximeter as a means of determining arterial oxygen saturation. This was done by simultaneous 
arterial sampling and oximetric readings in patients with anoxemia, or in normal volunteers wit) 
induced anoxemia. All blood gas analysis was done by one trained person using the method of 
Van Slyke and Neill (1924). 

Because of the difficulty of maintaining a steady oxygen saturation in cases of induced anoxemia, 
the calibration was made primarily on patients with anoxemia. There were 28 observations in 
this group and they are marked by an open circle on the chart (Fig. 1). In 15 volunteers, 
73 additional simultaneous observations were obtained and these are represented by a dot. 
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Oxygen Saturation by Oximeter 


Fic. 1.—Comparison of arterial oxygen saturation determined by the oximeter 
and by simultaneous arterial blood sampling and estimation by the 
method of Van Slyke (see text). 


The greatest number of observations fell in the range 70-95 per cent. Only four were made 
in patients where the saturation was less than 60 per cent, all of whom had polycythemia, two of 
gross degree. As it had been decided to include observations only from subjects with a hemoglobin 
range 12-15 g. per 100 ml., these were excluded from the calibration. It can be seen from the 
results obtained (Fig. 1) that within the range of arterial oxygen saturation in which the instrument 
was tested, the mean difference between the oximeter reading and Van Slyke estimation was 3 per 
cent, varying between +10 and —6-7 per cent. This is as accurate as the results to be expected 
from the occasional use of the Van Slyke apparatus. The merit of the instrument is probably not 
so much for recording absolute values of arterial oxygen saturation, as for measuring changes in 
arterial saturation that may occur under varying conditions. 

Examples of its use in Measuring Arterial Oxygen Saturation. Used for determination of arterial 
oxygen saturation, the oximeter possesses immense possibilities in the investigation and manage- 
ment of patients suffering from cardiac and pulmonary disease. Many instances arise in manage- 
ment of such cases, in which knowledge of arterial oxygen saturation would be helpful. Gross 
cyanosis is easy to detect. However, it is common to hear experienced clinical opinion pondering 
this point where the anoxemia is less definite. Furthermore, controlled experiment has shown 
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i\at experienced observers (Comroe and Botellis, 1947) are unable to predict the degree of arterial 
isaturation accurately from colour change. The problem is seldom resolved, as few instances 

stify arterial sampling and the subsequent time-consuming blood gas analysis. The use of the 
»\imeter in children, where screaming and breath-holding during arterial sampling cause wide 


swings in saturation, is an obvious advantage. 


Some of the effects on arterial oxygen saturation of oxygen administration and of exercise in 
irious conditions are illustrated in Figs. 2 and 3. An excellent illustration of its use as an easy 


means of continuously recording arterial saturation has been in the study of patients suffering from 
Cheyne-Stokes respiration (Gilmore and Kopelman). 
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FALLOTS TETRALOGY 


Fic. 2.—Use of the ear oximeter to demonstrate the rise in arterial oxygen 
saturation following the administration of oxygen by B.L.B. mask at 8 
litres/min. The oxygen saturation is read from the top of the curve, each 
line representing 1 per cent change in saturation. All patients with 
Fallot’s tetralogy showed a surprisingly high rise in saturation and a 
** scalloped °° effect synchronous with respiration. 


The Oximeter used in conjunction with Evans Blue Dye. Beard and Wood (1951) noted that the 
ibsorption characteristics of Evans Blue dye are such that a quantity of the dye passing in the blood 
stream will cause a deflection of the galvanometer beam. Using this dye injected intravenously, 
t is possible with this device to obtain photographic records of the time concentration curves. 
[hese compare closely in contour and time relationships with the curves constructed from serial 
irterial samples analysed for dye by the method described by Hamilton et al. (1932) (Fig. 4) 
ind by Kopelman and Lee (1951). 

From these curves the mean circulation time is calculated and, used in conjunction with the 
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Fic. 3.—Use of the ear oximeter to demonstrate the effect of exercise upon the 
arterial oxygen saturation of a patient with pulmonary stenosis and auricular 
septal defect. During exercise the saturation fell from 95 to 73 per cent 
and 14 minutes after the end of exercise was 88 per cent rising to 93 per cent. 
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Fic. 4.—Time concentration curves obtained from recordings from the ear 
oximeter following the injection of 15-25 mg. of Evans Blue dye. (A) From 
normal subject. (B) Prolonged curve seen in patients with cardiac failure. 


cardiac output obtained by the direct Fick method at cardiac catheterization or by oximetry (see 
below), may be used in the study of the intrathoracic blood volume (Gilmore et al., 1952). 

The curve itself is of interest and worthy of study and the normal curve is depicted in Fig. 4. 
It shows an early deflection of the galvanometer with a short uniform curve and a return to a steady 
state within some 25 seconds, and the point of recirculation is seen clearly. In patients with cardiac 
failure or with very large hearts, the initial deflection is delayed, the curve itself protracted and flat, 
and the return to the steady state delayed for a considerable time. Characteristic abnormalities in 
the shape of the curve are seen in subjects with congenital heart disease with a shunt. It is usual, 
with a right-to-left shunt, to see an early rise in dye concentration followed by a second peak 
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2presenting the true fastest circulation time, giving a double hump appearance to the curve. With 
: left-to-right shunt, the rise in dye concentration occurs at the normal time, but there is a prolonged 
ind irregular fall off (Fig. 5). 

It has been shown (Kopelman and Lee, 1951) that the ratio of the time taken for the first appear- 
ince of the dye to the mean circulation time was approximately one to two. This was 
airly constant, not only in normal and large hearts but also in the presence of congestive failure. 
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Fic. 5.—Time concentration curves obtained from patients with congenital 
heart disease. Note the early rise in concentration of dye followed by a 
second peak in (A), the right to left shunt. In (B) there is a normal 
rising concentration but a prolonged and irregular fall off. 


The presence of a shunt alters this relationship and in cases of left-to-right shunt the ratio may be 
greatly increased. This is of value in differentiating curves that may be obtained in some patients 
with shunts and superficially resemble those seen in congestive failure. 

In a large number of cases of congenital heart disease with both types of shunt, as proved by 
other special investigations, the dye curve never failed to demonstrate an abnormal pattern which 
was, however, difficult to interpret in some cases. 

It was hoped that further analysis of the curves might give additional diagnostic information, 
but nothing conclusive has been found. Recently (1953) Swan ef al., who first described 
the abnormal curves in congenital heart disease, have been able to calculate the actual flow that 
occurs in some cases of right-to-left shunt. 


DETERMINATIONS OF CARDIAC OUTPUT 


The determination of cardiac output by the Hamilton dye technique (Hamilton, 1932) is already 
well established (Hamilton er al., 1948; Kopelman and Lee, 1951). Modifying this method to use 
the oximeter affords a technique free from danger and discomfort, save that of venepuncture. 
Before this technique can be claimed as one valid for the determination of cardiac output, we felt 
that it must fulfil the following criteria: (a) that outputs so obtained must not differ significantly 
from those obtained under the same conditions by other methods, namely, by the direct Fick 
principle, using cardiac catheterization, and by the Hamilton technique with intra-arterial sampling; 
and (6) that duplicate output estimations must show no undue difference. 
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Methods. The patient, in a fasting state, was rested in bed with the oximeter comfortably placed on the 
ear until a constant reading for oxygen saturation was obtained. Because of the sensitivity of the instru- 
ment to involuntary variations in respiration and consequent fluctuations in the baseline readings, the latter 
half of the subjects were given oxygen at 8 litres a minute by a B.L.B. mask throughout the procedure. 

At a given signal, a quantity of Evans Blue dye, estimated at 15-20 mg., was injected rapidly into an 
antecubital vein, the exact dose of dye being obtained by weighing the syringe and needle before and after 
injection. Immediately after injection and removal of the needle from the vein, the arm was elevated and 
massaged briskly from the site of the injection to the axilla. The camera plate was released 10-15 seconds 
before the moment of injection and marks made at the time of injection and 10 seconds later, lest the time- 
marker should fail. A blood sample, required for calibration, was withdrawn 5-10 minutes after injection, 
when steady oximeter readings indicated that mixing was complete. It was shown by experiment that the 
response of the instrument to varying plasma concentrations of the dye was linear. The circulation curve 
of the dye was then calibrated by relating the plasma dye concentrations of the above sample to the amount 
of steady deflection of the galvanometer beam, noted after complete mixing. The curve thus calibrated 
was analysed by semi-logarithmic replotting (Hamilton ef al., 1932), and the mean circulation time and 
cardiac output calculated by the usual method, involving the use of the hematocrit reading (Hamilton et al., 
1948). The intrathoracic blood volume can be obtained using the mean circulation time and the cardiac 
output. 

For the comparison with the outputs obtained by the Fick principle, known amounts of dye were injected 
through the cardiac catheter into the main pulmonary artery or right atrium, and samples taken for calibra- 
tion when mixing was complete. Simultaneously, mixed venous samples and oxygen consumption were 
estimated for the Fick calculation in the usual way (McMichael and Sharpey-Schafer 1944). 


RESULTS 


Comparison with Cardiac Output obtained by Fick Principle. Twenty-five such comparisons 
were made upon patients who were subjected to cardiac catheterization for diagnosis and investiga- 
tion of a variety of cardiac disorders other than congenital heart disease. The mean cardiac output 
of the Fick group was 5-1; that of the oximeter group was 5:5. In five of the twenty-five cases there 
was a difference of more than one litre between the methods; in two of these five the differences 
were considerable. However, in sixteen out of twenty-five, the differences were under one litre, 
and in some cases showed very close agreement. A statistical analysis, taking into account the 
error of both methods, showed no significant difference between the two, an analysis of variance 
giving a standard deviation of a single reading of 0-7. The results are illustrated in Fig. 6. 

Comparison with Cardiac Output obtained by Hamilton Dye Method. Five such comparisons were 
made upon patients recovering from pulmonary infections. In view of the small numbers con- 
cerned, the results, shown in Table I, have not been subjected to statistical analysis. 

Duplicate Estimations of Cardiac Output. These were made on 23 subjects, convalescent from a 
variety of conditions. The first estimation of cardiac output was done in the manner described, 
the second injection of dye being given immediately after the calibration sample was taken. The 


TABLE I 
COMPARISON OF CARDIAC OUTPUT DETERMINED BY HAMILTON DYE AND OXIMETRY 




















By Oximeter By Hamilton dye 
Cardiac output | Mean circulation Intrathoracic Cardiac output | Mean circulation) Intrathoracic 
(litres/minute) time (sec.) blood volume (litres/minute) time (sec.) blood volume 
(litres) (litres) 

10-6 13 2:4 9-0 15-5 2:3 

7:4 20 2:5 8-1 22:0 2-9 

9-1 19 2:9 8-8 21-0 3-1 

8-6 28 3-9 7-0 25-0 3-0 

7-0 15 1:6 79 17:0 2:2 
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1e ‘sults are shown in Table II; the means for the two series being 7-6 and 7-7 and the standard 
1- eviation of a single observation being 0-99. From these data we have calculated mean circulation 
I imes and intrathoracic blood volumes for each individual in both series, with equally good agree- 


ent in the results (Table II and Fig. 7). 


n 
rT 
d 14 
Is 
q 12 
l, 
€ c 
e Ee 10 
t > 
d © 
1 te 
a 
’ a 
— 
- 6 64 
« 
1 Ss) 
" 5 4 
. VU 
2 














° 2 4 6 } 0 2 ie 


Cardiac Output Oximeter (I/min.) 


Fic. 6.—Comparison of cardiac outputs obtained by simultaneous 
oximeter and Fick methods. 
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Cardiac Output Second Estimation 


Fic. 7.—Duplicate series of cardiac outputs determined by 
the oximeter method. 
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TABLE II 
DUPLICATE SERIES (OXIMETER METHOD) 








Cardiac output Mean circulation Intrathoracic blood 
litres/minute) time (sec.) value (litres) 
Ist 2nd Ist 2nd Ist 2n 
7:2 71 19 20 2:3 2: 
5:2 5:8 19-5 20 1:7 1-9 
5-8 5:8 22 22 2:1 21 
12:3 11-7 13-5 14 2:7 2:7 
10-3 9-1 14 15 2:4 2:3 
9-1 9-8 23 21 3-5 3-4 
3-8 4-6 26 26 1-6 2:0 
3-0 2:7 po 24 1-1 1-1 
6°7 6:1 i8 19 2:0 1-9 
8-4 7:8 17°5 18 2:5 2:3 
*8-5 13-5 19 17 3-1 3-8 
12:0 10-3 21 22 4-2 3-8 
9-0 8-6 17 16 2°5 2:3 
5-9 6°5 24 23 2:4 2:5 
7-2 8-5 pI. 21 2:4 2:9 
9-2 8-3 16 17 2°5 2:4 
8-6 7:7 29 32 4-2 4-1 
8-5 7:3 17 19 2:4 2:3 
*5-8 7-0 23 23 2:2 2:6 
8-0 6°6 34 31 4:5 3-4 
71 8-4 17 18 2:0 2°§ 
6°5 71 20 20 2:2 2:4 
7-0 7:9 15 7 1-6 2:2 
Mean 76 | 7-7 20-3 20-6 2°5 2:6 





Analyses of Variance 





Sum Degrees of Variance 
squares freedom 
Between duplicates 21 I 21 
Between cases .. iy 20,453 22 930 
Residual sis ” 2,355 22 98 
Total .. ws 22029 45 


Standard deviation of single reading =0-99. 


* Patients with widely differing dose of dye (see text). 


DISCUSSION 


For the estimation of arterial oxygen saturation, the oximeter offers a method which is both 
simple and painless. Its accuracy over the milder degrees of anoxemia is sufficient for clinical 
purposes. Where the saturation falls below 70 per cent or when polycythemia of more than a 
mild degree is present, the instrumental error rapidly increases. Its value in children, where 
arterial puncture is undesirable from all points of view, has already been cited. Occasionally, in 
very small children, and nearly always in babies, the ear lobule has been too small to take the ear 
piece. A miniature version of the same ear piece as described by Crehan et al. (1950) meets this 
criticism. 

When used with Evans Blue dye the oximeter has obvious potentialities in the screening of 
patients suspected of having congenital heart disease. After giving an objective measure of any 
anoxemia that may be present and the effect of exercise on the arterial oxygen saturation, injection 
of the dye will reveal the presence of a shunt and the predominant direction of flow. 

As a means of measuring cardiac output, this method described is free from any danger to the 
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vatient and the only discomfort felt is from two venepunctures. The results obtained compare 
vell with those derived by other methods. Perhaps the comparison with the Hamilton dye method 
s the fairest, as it is only in these cases that the output comparisons were made simultaneously. 
rhe replotted time concentration curves obtained by these two methods, an example of which is 
\lustrated in Fig. 8, show how close this comparison is. 

In Table II is shown the duplicate series of cardiac output determinations, and also the calcu- 
ated mean circulation times and intrathoracic blood volumes, for each subject studied. It will be 
een that the duplicate circulation times differ remarkably little, but that the difference in cardiac 


outputs differ much more. We conclude from this that the major source of error lies in the calibra- 
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Fic. 8.—Replotted time concentration curves obtained from simultaneous oximeter recording and from arterial 
sampling (Hamilton method). 


tion of the dye concentration in plasma. This may arise from inaccurate estimation of the dye 
concentration in the plasma sample taken after mixing or from a false reading of the oximeter at 
the time of sampling. This calibration of the time concentration curve in terms of plasma concentra- 
tion of dye is the main source of error for this technique. Consideration of the two cases indicated 
in Table II illustrates this point as in these two cases the dose of dye injected was very different 
on the two occasions. Although the mean circulation times did not differ, the colorimetric error 
in these two cases was enhanced by the difficulty of estimating a very low plasma dye concentration 
in one of the two determinations. This point amplifies our earlier statement that the dose of dye ' 
injected should exceed 15 mg. if the cardiac output is to be calculated with reasonable accuracy. 

However, although not quite so good, the duplicate results compare favourably with those obtained 

using the more conventional Hamilton dye technique which requires arterial puncture (Ball er 

al., 1952). 
While the main difficulty in using low concentrations of dye is in achieving accurate colorimetry, 
it too has some bearing on the dye concentration curve. Where the dye concentration is low the 
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dip in the curve is shallow, replotting is tedious, and there is a wider margin of error. In the 
same way, where the curve is shallow and protracted, as will occur with cardiac failure or with large 
hearts, greater ease in replotting and calibration and overall accuracy is achieved if a larger dose of 
dye is given, 20-25 mg. As in the Hamilton technique in general when cardiac failure, cardiac 
enlargement, or valvular disease is gross, the error of the method is greatly increased. 

The dose of dye is a limiting factor when repeated estimations of cardiac output are desired 
After 40-45 mg. total dose there may be a slight suggestion of blueness of the subcutaneous tissues 
—temporary and harmless but nevertheless undesirable. Duplicate outputs can be done at about 
monthly intervals, the time needed for disposal of the dye particles into the recesses of the reticulo- 
endothelial system. 

Many subjects have a steady resting level of arterial oxygen saturation, which remains unaltered 
even by | per cent over long periods of time. However, changes in posture or emotional tone, even 
in these regular breathers, will alter the saturation level. Some people, even when completely 
relaxed, breathe irregularly and arterial oxygen saturation varies 1-2 per cent from time to time. 
To eliminate these variations, which make accurate calibration difficult (though not impossible, as 
respiratory fluctuation can be recognized as such), oxygen by mask is given during the period of 
estimation. We have no evidence that this seriously alters cardiac output, although its use may limit 
the value of the method for measuring absolute values for cardiac output under basal conditions. 
The main value of the method lies in its ease and repeatability over periods of time. Thus changes 
in cardiac output estimated under similar conditions may be studied under the influence of therapy 
in a variety of conditions. 


SUMMARY 


Some clinical uses of the ear oximeter are described. Its value as an instrument for measuring 
changes in arterial oxygen saturation is discussed. 

In congenital heart disease together with the use of Evans Blue dye it may be a useful diagnostic 
aid. 

A method for determining cardiac output by the use of Evans Blue is described and compared 
with other methods. The accuracy of this method appears to be adequate for clinical use. 


We should like to express our gratitude to Professor J. McMichael for his interest and help, to Dr. I. G. Milne of 
Montreal for much assistance and to Dr. I. D. P. Wootton for statistical advice. 
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There is little information concerning reflex vasomotor activity in the pulmonary arterial system 
in man. Pulmonary arterial resistance is known to increase during anoxia (Motley ef al., 1947; 
Doyle, et a/., 1952) and animal experiments suggest that this is a local effect on the vessels them- 
selves (von Euler and Liljestrand, 1948; Duke, 1951). de Burgh Daly et al. (1932 and 1948) 
have produced pulmonary arterial constriction by electrical stimulation of the stellate ganglion 
and of the cervical and thoracic vago-sympathetic system of the perfused dog, but this effect is 
small in the intact animal (Daly, 1954). 

Numerous afferent pathways exist from the lesser circulation, and the activity of some of these 
increases with a rise in pulmonary arterial pressure (Pearce and Whitteridge, 1951; Aviado et al., 
1951). The efferent pathways which these nerves influence have not been traced anatomically, 
but Aviado eft al. (1951) have demonstrated systemic vasodilatation resulting from increased 
perfusion pressure in the pulmonary artery of the dog. 

In man, the Valsalva manceuvre produces characteristic changes in the systemic blood pressure, 
which are largely due to vasoconstriction (Knoll, 1894). Wilkins et al. (1948) showed that the 
rise in systemic blood pressure following the Valsalva manceuvre was abolished by thoraco- 
lumbar sympathectomy. Tetraethyl ammonium chloride produces a similar effect (Greene, et al., 
1950). Sharpey-Schafer (1953) has shown that the increased arterial pressure following the 
Valsalva manoeuvre was associated with a decrease in forearm blood flow, except in the sympa- 
thectomized limb. 

In the present communication the Valsalva manceuvre has been used to compare the vasomotor 
responses of the systemic and pulmonary arterial systems simultaneously. 


METHODS 


Ten male patients admitted to hospital with a variety of conditions, who showed a normal 
blood pressure response to the Valsalva manceuvre, were studied (Valsalva, 1707). 

All pressure measurements were made using Hansen capacitance manometers (Hansen, 1949) 
with reference point 10 cm. anterior to the back of the recumbent subject. The brachial arterial 
pressure was obtained with an indwelling needle; the intra-thoracic pressure from a water-filled 
catheter in the esophagus (Dornhorst and Leathart, 1952); pressures from right atrium, pulmon- 
ary artery, and ‘‘ pulmonary capillary’ (Hellems e¢ a/., 1949) were obtained using standard 
techniques. Each subject received 1 mg. atropine sulphate intravenously prior to the investigation 
to restrict pulse rate changes. The manometers recording intracardiac and intra-cesophageal 
pressure were used in conjunction with one another as a differential manometer. The electrical 
output from one manometer was opposed to that of the other and the resultant represented the 
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differential pressure (net R.A., P.A., and P.C. pressures). Fig. 1 shows this differential system to 
be satisfactory. Both the direct and differential recording manometers were exposed to the sam: 
pressure changes from a common pressure bottle. The differential pressure between the two 
manometers was zero over a wide range of both negative and positive pressures. The differentia! 


system also behaved satisfactorily to rapid pressure fluctuations. 
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Fic. 1.—Simultaneous tracings from direct and differential 
manometers exposed to the same pressure change. 


RESULTS 


Maneuvre. All ten subjects showed similar responses to a varying degree. 
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Fic. 2.—The effect of the Valsalva manceuvre on brachial and net pulmonary arterial 
pressures. Time in seconds. BA=brachial arterial pressure. dPA=net pulmonary 
arterial pressure. OES=inter-cesophageal pressure. Following the Valsalva there is 
a marked rise in brachial arterial pressures but little rise in pulmonary arterial pressure. 





The Normal Response of the Systemic and Net Pulmonary Arterial Pressure to the Valsalva 





The systemic blood pressure falls after an initial rise equivalent to the rise in intrathoracic 
pressure during the period of expiratory effort. Mean and pulse pressures fall as heart filling is 
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npaired. With release of the Valsalva there is a very great rise in mean pressure, and some rise 
| pulse pressure. The usual accompanying bradycardia has been prevented by atropine. The 
et pulmonary arterial pressure also falls as heart filling is reduced by the raised intrathoracic 
pressure. With release of the blown pressure there is some rise of both mean and pulse pressure 
bove the resting level, but this is much less than the overshoot in the brachial artery (Fig. 2). 
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Fic. -During the prolonged Valsalva manceuvre the brachial arterial pressure rises; no corresponding rise 
occurs in the net pulmonary arterial pressure. 


When the Valsalva manceuvre is prolonged (Fig. 3) the mean systemic pressure shows the usual 


initial fall and then begins to rise. Waxing and waning of the blood pressure then occurs similar 
to the Traube waves seen in apnoea (Traube, 1865), but the changes in pulse pressure during the same 
period are small. The net pulmonary arterial pressure shows no such changes during the Valsalva: 
after the initial fall in mean and pulse pressure there is no subsequent rise in pressure, nor does any 
wave pattern develop. The two sharp falls and rises in net pulmonary arterial pressure during the 
Valsalva manceuvre are artefacts due to contraction waves in the cesophagus affecting the differential 
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Fic. 4.—The effect of the Valsalva manceuvre on net right atrial pressure. dRA=net right atrial pressure. 
Both the brachial and net right atrial pressures rise following the Valsalva. 
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FiG. 5.—The effect of the Valsalva manceuvre on net pulmonary capillary pressure. 


dPC=net * pulmonary 
capillary ’’ pressure. Both the brachial and net pulmonary capillary pressure rise following the Valsalva. 
system. Similarly, following the Valsalva, a swallow wave in the cesophagus has superimposed a 
negative artefact upon the net pulmonary arterial pressure tracing. 


Net Right Atrial and Net Pulmonary Capillary Pressures during the Valsalva Maneuvre. The net 


right atrial pressure rose following the release of the Valsalva, the rise being modified by the phase of 


respiration. However, if pressures are compared during similar phases of respiration a rise of 3 mm. 
in expiration and 7 mm. Hg on inspiration occurred following release of the blown pressure (Fig. 4). 

The net pulmonary capillary pressure from the same subject as in Fig. 4 shows an almost 
identical rise following the Valsalva manceuvre. The rise occurs four to five pulse beats after release 
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Fic. 6.—Following coughing there is a transient fall in brachial but not in net pulmonary arterial pressure. 
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of the blown pressure. There is not the same degree of modification by respiration as was seen in 
the right atrium. 

The Effect of Coughing on Systemic and Net Pulmonary Arterial Pressure. Following a few 
hearty coughs, the mean systemic blood pressure falls temporarily with little change in pulse 
pressure. No apparent change occurred in the net pulmonary arterial pressure (Fig. 6). 
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Fic. 7.—T.E.A.C. abolishes the rise in brachial arterial FiG 8.—As Fig. 7. The net right atrial pressure rise is 
pressure following the Valsalva. It does not greatly uninfluenced by T.E.A.C. 
influence the pulmonary arterial pressure rise. 


The Effect of Tetraethyl Ammonium Chloride. In three subjects an intravenous infusion of 
0-3 mg./kilo/minute of tetraethyl ammonium chloride abolished the rise in systemic arterial pressure 
following the Valsalva manceuvre (Fig. 7 and 8). 

The net right atrial and pulmonary arterial pressure rise was virtually unaffected. 


DISCUSSION 

In the present investigation, the Valsalva manceuvre was followed by the usual rise in systemic 
blood pressure associated with vasoconstriction (Knoll, 1894). However, evidence was found that 
the simultaneous rise in net pulmonary arterial pressure was due to an increase in venous return, 
for the net right atrial pressure also showed a striking rise, in some instances of as much as 20 mm. 
Hg following a particularly prolonged Valsalva manceuvre (Fig. 4). Almost identical changes 
occur in net pulmonary capillary pressure (Fig. 5). It is, therefore, reasonable to conclude that 
with the rapid increase in right ventricular filling pressure following the Valsalva, there is an 
associated rapid rise in stroke output which accounts for the rise in pulmonary arterial pressure. 
Perhaps of greater significance is the fact that no rise in pulmonary arterial pressure independent 
of pulmonary capillary pressure occurred. This strongly suggests that no pulmonary arteriolar 
constriction has taken place, and there is further evidence to the same effect when the pulmonary 
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and brachial arterial pressure tracings obtained during the prolonged Valsalva manceuvre are com 
pared. During this period, venous return is restricted and stroke output reduced; refle» 
vasoconstriction occurs in the systemic arterial system, indicated by a rise in mean pressure, and 
later Traube waves appear (Fig. 3). These indications of alteration in vasomotor tone do not occu 
in the pulmonary arterial pressure. 

Sharpey-Schafer (1953) has shown that by inducing big pulse pressure transients in the systemic 
arterial system by coughing, reflex vasodilatation will occur, as indicated by a fall in systemic blood 
pressure and a rise in forearm blood flow. Coughing produced no similar change in net pulmonary 
arterial pressure (Fig. 6). 

Greene and Bunnell (1950) showed a fall in net pulmonary arterial pressure in man following 
continuous intravenous infusions of tetraethyl ammonium chloride (T.E.A.C.) and, in their opinion, 
the accompanying fall in cardiac output did not fully account for the fall in pulmonary arterial 
pressure. They also showed that T.E.A.C. abolished the ** overshoot” that they were able to 
demonstrate in the pulmonary arterial pressure, and on this evidence concluded that there was 
reflex pulmonary vasomotor activity. We cannot confirm this. In three cases sufficient T.E.A.C. 
to abolish the systemic arterial overshoot following the Valsalva produced negligible changes in the 
response of the net right atrial and pulmonary arterial pressures (Fig. 7 and 8). This was taken as 
further evidence against pulmonary arteriolar constriction. 

It therefore appears that under the circumstances described, reflex vasomotor changes, if present, 
are much less in the pulmonary arterial than in the systemic system. These observations and 
conclusions are almost identical with those made by Hamilton er a/., (1939) on unanesthetized 
dogs. 


SUMMARY 

The brachial arterial, net right atrial, pulmonary arterial, and pulmonary capillary pressures 
were recorded simultaneously in ten subjects performing the Valsalva manceuvre. In three, the 
effects of tetraethyl ammonium chloride were studied. 

There was a marked rise in systemic arterial pressure following the Valsalva, largely due to 
reflex vasconstriction. The rise in net pulmonary arterial pressure was accompanied by a similar 
rise in net right atrial and pulmonary capillary pressures. Only the systemic arterial pressure rise 
was abolished by T.E.A.C., the net pulmonary arterial pressure response being unaffected. 

No evidence of reflex pulmonary arterial vasoconstriction could be demonstrated. 


We are indebted to R. W. Halls and M. Vento for technical assistance and to the St. Thomas’s Hospital 
Photographic Department for the reproductions. 
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The operative treatment of valve stenosis has now been shown, as a result of large numbers of 
successful operations, to be very satisfactory. The operative treatment of valve incompetence is, 
however, quite another matter; in spite of various ingenious efforts no satisfactory method has yet 
been introduced. My own experience is that the mortality of these procedures is high and the 
results bad; from reading what has been written and from listening to the presentation of papers at 
society meetings I have no evidence that the results are any better in the hands of other surgeons. 
Indeed, at present it is difficult to feel justified in advising any patient who is suffering from pre- 
dominant valve incompetence to submit to an operation for its correction. The object of this article 
is to record some personal experiences and to present some reasons why the methods used have 
failed. 

Every surgeon has to decide whether he will use foreign substances, fashioned as prostheses and 
introduced into the body. Prostheses have been designed and used to correct valve incompetence; 
their presence appears to be tolerated for short periods but their later fate is quite uncertain. From 
the vast accumulated experience of surgeons in the fate of foreign bodies introduced into other 
parts of the body there is little to encourage us to hope that such substances, even if composed of 
a plastic, will be longer and better tolerated in the interior of the heart or of the great vessels. A 
long, trouble-free life would appear to be very unlikely for a young patient whose heart or aorta 
contains such a plastic valve. 

Biologically the patient’s own tissues should be much safer than a foreign material; our difficulty 
lies in the adaptation of tissue to serve as a useful functioning valve. The most popular substance 
has been pericardium, introduced into the heart or aorta in the form of a flap designed to correct 
the leakage of the incompetent valve. There are three reasons why this usually fails: (1) fibrosis 
and shrinkage; (2) unsatisfactory placing; and (3) the influence of the axial stream of regurgitant 
blood. 


(1) FIBROSIS AND SHRINKAGE 


At first the flap is thin and supple, but after a time fibrin is deposited on it; indeed the frequent 
movement in the blood-stream must encourage the deposition. This fibrin later begins to organize 
so that the once mobile flap becomes a more solid mass of tissues with little or no pliability. When 
organization is complete it becomes a solid cord-like structure, rigid and shortened and not suitable 
for improving the function of the valve. This change was seen regularly in a series of experiments 
on the introduction of a pericardial flap into the aorta of dogs. 


(2) UNSATISFACTORY PLACING 


This factor applies particularly to the mitral valve and has already been presented (Brock, 1952). 
Fig. | shows diagrammatically the arrangement of the mitral ring, valve cusps and orifice in relation 
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and brachial arterial pressure tracings obtained during the prolonged Valsalva manceuvre are com- 
pared. During this period, venous return is restricted and stroke output reduced; reflex 
vasoconstriction occurs in the systemic arterial system, indicated by a rise in mean pressure, and 
later Traube waves appear (Fig. 3). These indications of alteration in vasomotor tone do not occur 
in the pulmonary arterial pressure. 

Sharpey-Schafer (1953) has shown that by inducing big pulse pressure transients in the systemic 
arterial system by coughing, reflex vasodilatation will occur, as indicated by a fall in systemic blood 
pressure and a rise in forearm blood flow. Coughing produced no similar change in net pulmonary 
arterial pressure (Fig. 6). 

Greene and Bunnell (1950) showed a fall in net pulmonary arterial pressure in man following 
continuous intravenous infusions of tetraethyl ammonium chloride (T.E.A.C.) and, in their opinion, 
the accompanying fall in cardiac output did not fully account for the fall in pulmonary arterial 
pressure. They also showed that T.E.A.C. abolished the ** overshoot” that they were able to 
demonstrate in the pulmonary arterial pressure, and on this evidence concluded that there was 
reflex pulmonary vasomotor activity. We cannot confirm this. In three cases sufficient T.E.A.C. 
to abolish the systemic arterial overshoot following the Valsalva produced negligible changes in the 
response of the net right atrial and pulmonary arterial pressures (Fig. 7 and 8). This was taken as 
further evidence against pulmonary arteriolar constriction. 

It therefore appears that under the circumstances described, reflex vasomotor changes, if present, 
are much less in the pulmonary arterial than in the systemic system. These observations and 
conclusions are almost identical with those made by Hamilton et al., (1939) on unanesthetized 
dogs. 


SUMMARY 

The brachial arterial, net right atrial, pulmonary arterial, and pulmonary capillary pressures 
were recorded simultaneously in ten subjects performing the Valsalva manceuvre. In three, the 
effects of tetraethyl ammonium chloride were studied. 

There was a marked rise in systemic arterial pressure following the Valsalva, largely due to 
reflex vasconstriction. The rise in net pulmonary arterial pressure was accompanied by a similar 
rise in net right atrial and pulmonary capillary pressures. Only the systemic arterial pressure rise 
was abolished by T.E.A.C., the net pulmonary arterial pressure response being unaffected. 

No evidence of reflex pulmonary arterial vasoconstriction could be demonstrated. 


We are indebted to R. W. Halls and M. Vento for technical assistance and to the St. Thomas’s Hospital 
Photographic Department for the reproductions. 
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MECHANICAL PRINCIPLES IN THE SURGERY OF AORTIC 
AND MITRAL INCOMPETENCE 


BY 
R. C. BROCK 


From the Thoracic Department, Guy's Hospital 


Received April 10, 1954 


The operative treatment of valve stenosis has now been shown, as a result of large numbers of 
successful operations, to be very satisfactory. The operative treatment of valve incompetence is, 
however, quite another matter; in spite of various ingenious efforts no satisfactory method has yet 
been introduced. My own experience is that the mortality of these procedures is high and the 
results bad; from reading what has been written and from listening to the presentation of papers at 
society meetings I have no evidence that the results are any better in the hands of other surgeons. 
Indeed, at present it is difficult to feel justified in advising any patient who is suffering from pre- 
dominant valve incompetence to submit to an operation for its correction. The object of this article 
is to record some personal experiences and to present some reasons why the methods used have 
failed. 

Every surgeon has to decide whether he will use foreign substances, fashioned as prostheses and 
introduced into the body. Prostheses have been designed and used to correct valve incompetence; 
their presence appears to be tolerated for short periods but their later fate is quite uncertain. From 
the vast accumulated experience of surgeons in the fate of foreign bodies introduced into other 
parts of the body there is little to encourage us to hope that such substances, even if composed of 
a plastic, will be longer and better tolerated in the interior of the heart or of the great vessels. A 
long, trouble-free life would appear to be very unlikely for a young patient whose heart or aorta 
contains such a plastic valve. 

Biologically the patient’s own tissues should be much safer than a foreign material; our difficulty 
lies in the adaptation of tissue to serve as a useful functioning valve. The most popular substance 
has been pericardium, introduced into the heart or aorta in the form of a flap designed to correct 
the leakage of the incompetent valve. There are three reasons why this usually fails: (1) fibrosis 
and shrinkage; (2) unsatisfactory placing; and (3) the influence of the axial stream of regurgitant 
blood. 


(1) FiprRosis AND SHRINKAGE 


At first the flap is thin and supple, but after a time fibrin is deposited on it; indeed the frequent 
movement in the blood-stream must encourage the deposition. This fibrin later begins to organize 
so that the once mobile flap becomes a more solid mass of tissues with little or no pliability. When 
organization is complete it becomes a solid cord-like structure, rigid and shortened and not suitable 
for improving the function of the valve. This change was seen regularly in a series of experiments 
on the introduction of a pericardial flap into the aorta of dogs. 


(2) UNSATISFACTORY PLACING 


This factor applies particularly to the mitral valve and has already been presented (Brock, 1952). 
Fig. 1 shows diagrammatically the arrangement of the mitral ring, valve cusps and orifice in relation 
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Fic. 1.—Diagram to show the basic anatomy of mitral 
incompetence. If a pericardial flap with two 
opposing sites of fixation is to be used in such 
a way that it is efficient, it must be at right- 
angles to the axis of the valve orifice; and the 
line A-A indicates that inevitably, therefore, it 
must traverse, infront, the outflow tract of the left 
ventricle, the septum, and the outflow tract of 
the right ventricle. To avoid these structures it 
must be at a much less efficient angle to the 
optimum line A-A. 





to adjacent parts of the heart. It would seem that if a pericardial flap is to be inserted through two 
openings so that it may form a flapper valve to close the incompetent orifice, it must be disposed 
at right angles to the long axis of the valve opening. It could not be parallel to this axis for the 
papillary muscles and their tendons are in the way. In Fig. | the line A—A indicates the position 
that must be occupied by a pericardial flap if it is to lie transversely to the long axis of the valve 
orifice. It will be seen that, anteriorly, it must traverse the outflow track of the right ventricle. 
Clearly this is impossible. 

If the septum and the right ventricle are to be avoided, the anterior fixation must be at an angle 
much smaller than 90 degrees to the long axis of the valve orifice and in fact forming, not the 
diameter of the circle of the valve ring, but a chord. _ Its efficiency in controlling valve incompetence 
diminishes as the angle diminishes. Moreover, there is no reason why such an ill-disposed flap 
should necessarily be flung against the imcompetent mitral orifice in systole. It may equally, or 
even more likely, be shot into the outflow channel of the ventricle. 

In order to avoid this difficulty I made the suggestion (Brock, 1952) that as the incompetence is 
due fundamentally to the fact that the two cusps are too short to meet and overlap so as to give 
mutual support, the most logical method of correcting the disability 
would seem to be lengthening one or both cusps so that they can 
reach and overlap. The antero-lateral or aortic cusp does not lend 
itself to such a procedure, seeing that its ventricular surface is directly 
related to the outflow channel. The posterior cusp, on the other 
hand, could either be lengthened or reinforced by a flap or some 
other structure introduced immediately beneath it and its function 
restored. Thus any material used to correct incompetence should be 
inserted so that it is hinged posterolaterally (Fig. 2). It was argued 
that a flap successfully introduced into position below the postero- 
lateral cusp “ must inevitably be flung against or across the valve 
ees yA oage orifice in systole; it cannot be diverted into the outflow channel.” 

application of a reinforcing My experience with such a flap has shown that although it can, 
flap to control mitral re- technically, be introduced so as to lie in the desired position, and 
atte“ PMc: 7. though it is indeed flung against or across the valve orifice in systole, 
postero-lateral cusp. this is not the whole story. In fact it is not only flung “* against and 
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across” the valve orifice, it may be directed into the orifice and thus cause death from acute mitral 
obstruction. This brings us to the third unfavourable factor. 


(3) THE AXIAL STREAM IN REGURGITATION 


The basic conception of the action of the pericardial flap during systole was that it would be 
acted on by a broad mass or column of blood so as to be flung firmly and securely across the incom- 
petent orifice and thus to close it. The very force of the systolic contraction would give stability 
to the closure achieved by the flap. This would indeed be the case if the force of blood acted equally 
over the whole surface of the flap and thus applied it evenly over the incompetent mitral orifice. 
Actually there is a stream effect; a very powerful flow of blood pours back through the incompetent 
orifice and in the line of its axis; in other words an axial stream is formed which passes as a power- 
ful jet through the valve opening. The pericardial flap is caught up in this and is projected 
through the opening. 

This is clearly seen in the heart shown in Fig. 3, which is from a woman aged 30, who had severe 
mitral incompetence. The mitral orifice was found at operation to be 3x1 cm. with firm 
margins; a powerful stream of regurgitant blood could be felt. A large flap of pericardium was 
cut so as to give a valve-shaped extremity with two large pedicle-like projections. Using special 
needles two sutures were passed via the atrial appendage through the valve orifice and then out 
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Fic. 3.—Specimen of heart in which a pericardial flap was introduced to reinforce postero-lateral cusp, as proposed 
in Fig. 2. In (A) the flap can be seen attached to and through the posterior wall of the ventricle and then 
entering the mitral orifice. (B) The valve is viewed from the atrial aspect and the flap is seen prolapsed 

through the mitral opening which is obstructed by it. 
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through the posterior aspect of the left ventricle as high as possible. The sutures were fastened to 
the ends of the pericardial flap which was then drawn through the appendage, across the atrium, 
and through the valve orifice so as to be attached to the posterior wall of the ventricle. The 
two pedicles were brought out on to the posterior aspect of the ventricle and were sutured to the 
heart wall and to each other. In this way the cusp-like end of the flap was firmly fixed in place 
exactly below the posterior cusp of the mitral valve; it was certainly amply long enough to cover 
over the orifice in systole. 


The patient made a good recovery from the operation but collapsed and died quite suddenly 
24 hours later. Examination of the heart showed that the flap had been placed perfectly in position 
as planned and if such a flap could function efficiently this should have done so. It had, however, 
prolapsed through the mitral orifice and some 3 cm. of it projected into the left atrium (Fig. 3). 
It had clearly caused acute obstruction of the mitral orifice. Its substance was good and there 
was very little thrombus formation. 

Nature has arranged that the atrio-ventricular cusps are supported at their periphery by the 
papillary muscle and chordae tendineae system. Until we can reproduce such an arrangement 
it seems as if a pedicled flap, unsupported at the periphery, is likely to behave in the same way when 
exposed to the force of the axial stream. In other words some different mechanical principle will 
have to be employed. 


THE IMPORTANCE OF DILATATION OF THE VALVE RING 


Irrespective of the type of valve replacement we use, it seems as if another very important 
mechanism acts in valve incompetence; that is dilatation of the atrio-ventricular ring. In its 
simplest form it is seen in the functional incompetence that occurs as a temporary state secondary 
to some other condition. Functional tricuspid incompetence secondary to right-sided failure from 
pulmonary hypertension and mitral stenosis is an excellent example. Its correction by successful 
medical management or its cure by operative relief of the mitral stenosis indicates its temporary, 
functional nature. Valve incompetence may also occur in association with myocardial weakness 
and dilatation in an acute febrile or toxic illness. 

A striking and important observation on the significance of severe functional mitral incompe- 
tence was recently made at operation. The patient, a man aged 54, had severe calcified aortic 
stenosis and had been in bed for three months with right-sided heart failure that had improved 
considerably with treatment. Operative reliet of the aortic stenosis was approached with mis- 
giving because of the recent failure and the very large heart. When the heart was exposed the 
aortic stenosis was confirmed and a gradient of 60 mm. Hg was demonstrated across the valve. 
In addition, however, a grossly powerful regurgitant stream was felt over the left atrium—by far 
the most severe mitral incompetence I have yet encountered at operation. The systolic pressure in 
the left atrium was 60 mm. Hg, a very high figure. The heart was very excitable and when touched 
with a needle the ventricles began to fibrillate; as a step in attempted resuscitation the aortic stenosis 
was relieved and then routine measures followed. Although sinus rhythm was restored for eleven 
minutes, ventricular fibrillation recurred and death ensued. 

At autopsy the cusps of the mitral valve appeared quite healthy and although the ring admitted 
three fingers comfortably it was impossible to recognize, from the post-mortem appearances, that 
severe mitral incompetence had been present in life. Probably the contracture of the thick ventri- 
cular muscle in rigor mortis had caused the atrio-ventricular ring to become much smaller than in 
life. This illustrates the valuable extra information that can be obtained from observations on the 
living heart in action as opposed to those on the dead heart, which have commonly been assumed 
to give the truth and the whole truth. It is certain that they may fail to give accurate information 
of the dynamic state of the heart. In this case the aortic stenosis had been responsible for failure 
of the left ventricle, stretching of the atrio-ventricular ring and secondary severe functional mitral 
incompetence. 


i" 














abs 
sec 
wor 
ior 
the 


cou 
imt 


inc 
wh 
flay 
val 











SURGICAL TREATMENT OF AORTIC AND MITRAL INCOMPETENCE 321 





When organic mitral incompetence is present, the valves do not meet because there is some 


D 

7 absolute shortening of the cusps. As, however, the heart begins to fail the atrial ring dilates and 
e secondary functional shortening aggravates the existing incompetence; a vicious circle is set up of 
2 worsening incompetence and increasing dilatation. It would appear, therefore, that surgical plans 
> for the correction of mitral insufficiency must seek to correct or mitigate this passive stretching of 
r the atrial ring. 


If it were possible to reduce the size of the ring enough to bring the cusps together so that they 
/ could overlap and support each other the vicious circle might well be reversed. A functional 
improvement of the valve action would lead to its anatomical betterment. 


AorTIC INCOMPETENCE 


The action of the axial stream of regurgitant blood in mitral incompetence is seen also in aortic 
incompetence. In 1951 and 1952 I conducted a series of animal experiments to try and find out 
whether it were technically possible to introduce a pericardial flap into the aorta, whether such a 
flap would survive and retain its mobility, and whether it would function effectively as an accessory 
valve. 











Fic. 4.—Photograph of a dog’s heart in which a pedicled pericardial 
flap introduced into the aorta has prolapsed through the aortic 
orifice and caused acute left ventricular obstruction. 
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It was soon found to be technically possible to introduce a pericardial flap. These flaps wer 
used with either a single base of attachment or fixed by two pedicles on opposite sides of the aorta. 
In addition, it was shown that they could be well tolerated for at any rate several weeks; but as time 
passed the originally thin, mobile flap would become rigid and solid and would begin to organize 
Ultimately it became a smaller fibrous polyp or cord. 

In two dogs, however, acute and fatal left ventricular obstruction occurred from prolapse of the 
flap through the aortic cusps. It had been assumed that the cusps would close before the peri- 
cardial flap was flung against them in diastole. The occurrence of the fatal prolapse shows that 
the flap must have been drawn through the orifice just before the cusps came into firm contact. In 
other words an axial stream must be present for a brief time, long enough to direct the flap 
through the rapidly-closing orifice. Fig. 4 shows a specimen from a dog in which a single pedicled 
flap has prolapsed into the ventricle. This flap is so long that prolapse was favoured, but the same 
was observed with a much shorter bipedicled flap. 








Fic. 5.—Photograph of a heart in which a bi-pedicled pericardial flap has been introduced into the aorta in an attempt 
to relieve aortic incompetence. In (A) the flap is shown flung upwards as in systole; the incompetent valve cusps 
are visible. (B) The flap is shown as it should be in diastole, covering the valve cusps. 


The method was used on two patients and both attempts ended fatally. Fig. 5 shows the 
specimen from one of these and the arrangement seems very satisfactory. In (A) the incompetent 
valve is shown and above it, traversing the aorta and fixed at each end, is the pedicled pericardial 
flap turned upwards as it would be in systole. In (B) the flap is directed downwards and lies as 
it was hoped it would lie, covering the valve defect during diastole. Actually as soon as it was 
introduced into the aorta it could be felt to move up and down with a powerful “ plop ’’, strongly 
suggestive of prolapsing through the valve into the ventricle and then being flung out again in sys- 
tole. This performance was clearly unsatisfactory and soon the heart rapidly dilated and stopped 
and could not be revived. 
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By the courtesy of Dr. J. K. R. McMillan of St. Thomas’s Hospital the heart was examined 
with the apparatus he has designed and described (McMillan et al., 1952) in which it is possible 
io view aortic valves in action and to photograph them. The behaviour of the pericardial flap was 
now Clearly seen; in systole it was flung up into the aorta; in diastole it was sucked down by the 
axial regurgitant stream through the defect and into the left ventricle. It did not spread out as a 
flap over the semilunar cusps, as had been visualized, but became streamlined (Fig. 6). 





FiG. 6.—Strip from a cine-film of the pericardial flap shown in Fig. 5, in function in the special apparatus designed 
by Dr. McMillan. On the left the pericardial flap is seen in systole, flung up into the aorta; the pictures on the 
right show diastole in which the flap has actually prolapsed completely through the valve orifice into the left 
ventricle. Unfortunately the depth of focus of the camera does not allow the flap to be seen clearly in the 
pictures in diastole but the dark empty hole is shown. 


Although it might be possible by careful choice of the length and placing of the flap to avoid 
severe prolapse, it does not seem that the flap would ever spread out so as to occlude the defect. 
If aortic valve incompetence is to be corrected by using autogenous or homogenous material it is 
clear that a different valve mechanism must be used. The ideal would be a homograft of an aortic 
valve. It is doubtful if this is either biologically possible or whether fibrosis and shrinkage of the 
valve cusps can be prevented. 

The work of Lam et al. (1952) offers the possibility that, if such a valve can be inserted near the 
aortic outlet so that the cusps could maintain their regular function, they might survive. Herein 
lies sufficient promise to justify further trial and experiment. In addition it is necessary to design 
and test new types of valve mechanisms based on a principle different from that of the pedicled 
pericardial flap. 
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JENNER HOSKIN 


The sudden death of Jenner Hoskin at the age of sixty-five came as a great shock to his many 
riends. He had enjoyed his usual good health up to the time of his death and he was looking 
orward with special zest to the Annual Meeting of the British Cardiac Society in his old University. 
[hese meetings always gave him great pleasure, and his cheery presence will be missed both by his 
contemporaries and by his junior colleagues. 

Born in 1888, the son of a doctor, he was educated at Charterhouse, Trinity College, Cambridge, 
and the Middlesex Hospital, where he held house appointments. He then joined the R.A.M.C. 
n the First World War and served with distinction in the Middle East and Africa, taking part in 
the historic landings at Suvla Bay and being mentioned in despatches. After demobilization he 
wished to establish himself in consultant practice and he obtained clinical assistantships at the 
National Heart Hospital, The Hospital for Sick Children, Great Ormond Street, and the West 
London Hospital, and he was appointed to the honorary staff of Queen Mary’s Hospital for the 
East End. In 1924 he was appointed Assistant Physician to the Royal Free Hospital and although 
he subsequently joined the staffs of St. Paul’s Hospital for Genito-urinary Diseases and the Royal 
National Throat, Nose, and Ear Hospital, the Free became and always remained his great interest 
and the centre of his hospital work. At the time of his death he had just completed sixteen years 
as its Senior Physician and was Chairman of the Medical Committee. 

He was elected F.R.C.P. in 1933 and in 1953 he was elected to serve the College as Counsellor. 
He was a Fellow of many learned societies and in 1948 he was president of the Medical Society 
of London. He was chief medical adviser to the Pearl Assurance Company and to the Friends 
Provident and Century Life Office. Beyond his professional sphere he had links with the City 
which he much appreciated, being a Liveryman of the Skinners’ Company and a Past Master of 
the Worshipful Company of Makers of Playing Cards. In 1950 he was Chairman of the Entertain- 
ments Committee of the European Congress of Cardiology and the success of this part of the 
Congress demonstrated to the full his qualities of tact and organization. 

Jenner Hoskin’s work with Strickland Goodall stimulated his interest in cardiology and he 
established the Cardiac Department at the Royal Free Hospital but, although his interests in later 
years were mainly cardiological, he always maintained his hospital practice in general medicine. 
He contributed some papers and articles on cardiovascular disease to the British Heart Journal, 
the British Encyclopedia of Medical Practice, and elsewhere. 

Jenner Hoskin never spared himself in his hospital work or in his private practice but his load 
was lightened by his schoolboy sense of humour which never forsook him even in the dreariest of 
circumstances. He was a good clinician and combined his technical knowledge of cardiology with 
an interest in the patient as a whole so that his opinion was much valued for the wise advice he 
gave to so many patients and doctors. He will long be remembered and respected at the Royal 
Free for the high standards he set of duty and service to the School and Hospital. He was a great 
teacher and was popular with many generations of students, with an uncommon knack for knowing 
and remembering names. One of the last addresses he gave before his death was on the art of 
practice of medicine at the annual meeting of the past students of the Royal Free. This well ex- 
presses his philosophy of practice as a doctor who recognized the importance of cardiological 
technique and equally the importance of his patients as people. He summarizes what he thought 
the most important features in the success of a doctor whether in general practice or as a consul- 
tant as follows: hard work, humanity, patience, cheerfulness, optimism, and understanding of the 
patient’s psychology, and this was certainly the ideal that he set before himself. In the Cardiac 
Society we shall remember him for his geniality and kindliness, particularly to the younger mem- 
bers, and for the real holiday spirit that he introduced into the annual meetings. 

FRANCES GARDNER 
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CASE REPORTS 


CARDIAC FAILURE DUE TO TUMOUR OF THE LEFT ATRIUM 
BY 


S. B. HUGHES AND S. FAZLULLAH 


From the Lowestoft and North Suffolk Hospital 


We should like to record this case of cardiac tumour, to add to those already described. No one 
seems to have reported the successful diagnosis of a primary innocent cardiac neoplasm during life, 
although more than 20 cases of primary and secondary malignant tumours of the heart have been 
correctly diagnosed ante-mortem (Friedberg, 1949). On account of its rarity it is seldom thought 
of in the differential diagnosis in cases of heart disease. Lymburner (1934) encountered only 
4 primary tumours of the heart (0-05%) in a series of 8500 autopsies at the Mayo Clinic. 

There appears to be no special age or sex incidence. Our case is the youngest of all reported. 


Case History 


A girl, aged 28 months, was admitted to the Lowestoft and North Suffolk Hospital on account of listless- 
ness, anorexia, fever, cough, and breathlessness, of three weeks’ duration. Prior to the present illness she 
had been an alert and very active child. 

On examination she looked ill and was pale, with slight cyanosis of the lips. There was no clubbing, 
no distension of the jugular veins, and no peripheral ceedema. She was intensely dyspneeic and tachypneeic, 
sitting up and leaning forward in bed in the manner of one suffering from severe congestive failure. The 
temperature on admission was 100-2° F. 

The pulse was regular in rhythm but fast (140-180 a minute), and the volume and amplitude normal. 

The apex beat was seen and felt in the fifth left intercostal space in the mid-clavicular line. There were 
no abnormal pulsations elsewhere in the precordium and no thrills on palpation. No murmurs were heard, 
but the second sound at the pulmonary area was thought to be accentuated. The femoral arteries were 
palpable. Rales were present at both lung bases. The liver was enlarged to two fingersbreadth below the 
costal margin and was apparently tender. The spleen was not palpable. A radiograph of the chest showed 
marked hilar congestion. The heart shadow was normal in size and shape. 

Oliguria was present, but the urine was normal on analysis. The hemoglobin was 64 per cent and the 
total leucocytes 33,600 per cubic ml. The blood film suggested to the pathologist a hemolytic process 
associated with infection. 

In view of the above findings a diagnosis of cardiac failure due to toxic myocarditis and secondary to 
acute pyogenic infection was made. In spite of the usual measures undertaken to combat heart failure and 
the administration of antibiotics she died five days later in an attack of acute pulmonary cedema. 


Abstract of Necropsy 

Diagnosis: Acute pulmonary cedema, tumour of the left atrium. 

There was no sign of pericarditis or excess of pericardial fluid. The heart did not seem to be enlarged 
to any extent. There was a pedunculated papillomatous tumour, shiny and white in colour, arising from 
the inter-atrial septum of the left atrium and projecting through the mitral orifice into the left ventricle 
(Fig. 1). It appeared to block completely the mitral valve. There was no evidence of any other cardiac 
anomaly and the valves were normal. The aorta and pulmonary arteries were normal. 

The lungs presented the usual appearance of acute pulmonary oedema and the enlarged liver was typical 
of congestive failure. 

Although the tumour appeared to have the characteristics of a myxoma, microscopy of sections of the 
growth showed only necrotic tissue. 
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Fic. 1.—The left ventricle opened showing part of the pedunculated papillomatous tumour projecting 
through the mitral orifice into the left ventricle. 


Comments 


We were presented with the picture of a child suffering from cardiac failure in whom there was no evidence 
of congenital heart disease or rheumatic carditis. The history of illness was of brief duration, not more than 
three weeks, and pyrexia had been observed intermittently during this period. The blood picture suggested 
an acute pyogenic infection, and this was considered by us to be the primary cause of the cardiac condition. 

The possibility that a cardiac tumour was present was simply not thought of in the differential diagnosis. 
We feel, in retrospect, that if we had considered this possibility seriously we might have realised that it was 
as probable as our ante-mortem diagnosis. ‘We were more favourably placed in this respect than those 
who have described similar cases of cardiac tumour, as owing to the age of the patient such disorders as 
rheumatic heart disease, cardiac infarction, and hypertensive heart disease could be thought of only to be 
dismissed as most unlikely. 
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Various clinical pictures have been described by different observers as having occurred in tumours of 
the left atrium. These have been well reviewed by Fawcett and Ward (1939), who refer exclusively to myxc- 
mata, and include (1) congestive heart failure, (2) fainting attacks and loss of consciousness with the patient 
erect, (3) sudden and unexpected death, (4) relentless progress of heart failure in spite of adequate rest and 
digitalization, (5) abnormal radiological shadows, (6) cardiac irregularities, and (7) paroxysmal dyspneea. 

The point about our case is that the mitral obstruction must have occurred very suddenly during the last 
illness. It caused intense and fatal pulmonary cedema before right heart failure developed. This was well 
shown in the radiograph. It is comparable to the severe and sometimes fatal pulmonary oedema that 
occasionally occurs in tight mitral stenosis without cardiac enlargement. 

Cardiac surgery has progressed to such an extent that the removal of a benign tumour of the heart is 
well within the bounds of possibility, and on this account the consideration that such a lesion may be 
present should be entertained in any patient who presents unusual features of cardiac disability. 


SUMMARY 


The clinical features and post-mortem findings in a case of tumour of the left atrium are described. 

Obstruction of the mitral valve by the tumour is shown to have been responsible for the 
progressive and fatal pulmonary cedema that occurred. 

Our thanks are due to Dr. J. F. P. Quinton, Consultant Pediatrician, Lowestoft and North Suffolk Hospital, for 


his help with the case; to Dr. Morgan Hall, Pathologist, Norfolk and Norwich Hospital, for the histological report; 
and to Dr. D. Evan Bedford for his advice and criticism in the preparation of this case report. 
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PROCAINE AMIDE THERAPY IN AURICULAR FLUTTER WITH 1:1A-V 
CONDUCTION 


BY 


ROWLAND CALVERT AND ERIC SMITH 


From the Medical Unit, Whipps Cross Hospital, Essex 


Procaine amide hydrochloride was first introduced clinically by Mark ef al. (1950). They drew 
attention to its effectiveness in the control of ventricular arrhythmias, especially paroxysmal 
ventricular tachycardia. This has since been amply confirmed. It is the drug of choice in the 
treatment of paroxysmal ventricular tachycardia, taking precedence over the more toxic and un- 
predictable quinidine. By contrast, reliance on procaine amide for the control of the supraven- 
tricular tachycardias is unwise, although it is frequently effective in the paroxysmal auricular 
and nodal tachycardias (Miller et al., 1951; Berry et al., 1951). 

In auricular fibrillation and flutter the results obtained with procaine amide have been 
unimpressive: indeed, Berry et al. (1951) consider that it is not indicated in the treatment of these 
conditions. The grave arrhythmia, auricular flutter with | : 1 conduction, is a rare spontaneous 
occurrence, although it may appear when the commoner forms of auricular flutter with block are 
treated with quinidine or procaine amide (Berry ef al., 1951; Zapata-Diaz et al., 1951). The influence 
of procaine amide on this arrhythmia as a presenting clinical problem has apparently not been 
described previously. 


Case Report 


History. An engineer, aged 50, had felt quite well until 7.30 a.m. on 16/1/52, when he suddenly felt faint 
and was sent home from work. While in the car he felt pain for the first time, and he vomited yellow fluid 
on arrival home. The pain was epigastric, severe and constricting, radiating to the chest but not down the 
arms. The pain became agonizing, especially in the sub-sternal region, and he “‘ felt that his chest would 
burst.’” Continuous pain with intermittent exacerbations ensued until admission to hospital at 1.30 p.m. 
Morphia, 1/3 of a grain, was given with little relief. 

Physical Examination. The patient was a well-built man, fully conscious, groaning with pain and greatly 
shocked with pallor, cold sweat, absent radial pulses, unrecordable blood pressure and temperature of 
97:2° F. The heart sounds were faintly audible; the rate was 130 a minute, with regular rhythm. No other 
abnormalities were found apart from tenderness and guarding in the epigastrium. During examination he 
vomited 6 oz. of ‘* coffee-ground ’’ material with small blood clots. 

Progress. At 3.30 p.m. the cardiac rate exactly doubled to 260 a minute and the electrocardiogram 
showed the pattern of auricular flutter with 1 : 1 A-V conduction (Fig. 1A). There was no response to 
carotid sinus pressure. Morphia, gr. 1/4, was given intravenously with only transient relief of pain. 

At 6.45 p.m., with the signs unchanged, the intravenous injection of procaine amide was begun. 6 ml. 
(0-6 g.) were injected in three minutes, and at this point, with the needle still in situ, the heart rate dropped 
abruptly to 100 a minute; the electrocardiogram showed sinus rhythm and no evidence of coronary throm- 
bosis (Fig. 1B). Simultaneously a facial flush replaced the ashen grey hue and the patient expressed 
immediate relief of distress. The radial pulses became palpable and the systolic blood pressure was 65. 
The procaine amide injection was continued up to a total of 10 ml. (1-0 g.) over ten minutes. 

At 8 p.m. a further electrocardiogram was taken, but showed no change. The pain and abdominal 
tenderness had entirely gone. The heart rate was now 84 a minute, the rhythm was regular and the blood 
pressure 75/50. Proto-diastolic triple rhythm appeared, and was audible for the next ten days. The next 
morning (17/1/52) improvement was maintained, the anny pressure being 100/60, with a pulse rate of 84. 
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Fic. 1.—Serial electrocardiograms showing (A) 1:1 auricular flutter. (B) Replaced by sinus rhythm, after injection 
of 0.6 g. of procaine amide. A posterolateral cardiac impact later appeared (C), and subsequent records 
(D to G) showed gradual regression. 


A small hematemesis at 6 a.m. caused no deterioration in his cardiac condition. A loud pericardial rub 
appeared, and a diagnosis of coronary thrombosis was made in spite of the normal electrocardiogram. The 
diagnosis was supported by a temperature of 99, E.S.R. of 25 mm. in one hour, and a white blood count 
of 13,300, with 90 per cent polymorphs, and was later confirmed by electrocardiogram, which showed a 
postero-lateral myocardial infarct (Fig. 1C). From this time clinical improvement was steadily maintained. 
The rub disappeared after two days; the blood pressure and pulse rate remained substantially unchanged, 
although occasional ventricular premature contractions were noted and persisted up to the time of discharge 
from hospital on 13/3/52. Serial electrocardiograms (Fig. 1D, E, F, G) showed the characteristic patterns 
of coronary thrombosis. By 26/2/52 the T wave was upright in lead CR7, but was still flat in lead III and 
remained so for a month after discharge. A functional bundle branch block is present in some of the serial 
tracings and is especially prominent in lead CR1. 

The patient was treated with sedation, rest, and finally graduated exercises. Anti-coagulants were not 
given because of the heamatemesis. On discharge he was fully ambulant without complaints and has since 
remained well. 


Discussion 


The exact diagnosis of the arrhythmia, shown in electrocardiogram A, is of importance, as the 
special indications for procaine amide in the rarer arrhythmias are at present under scrutiny. 
However, the extreme regularity of complexes leaves no doubt that this is a supraventricular 
tachycardia. Master et al. (1952) have pointed out that auricular flutter when complicated by a 
bundle branch block pattern may simulate ventricular tachycardia electrocardiographically, but the 
first cardiogram in this case shows that this same difficulty in differentiation may arise in the presence 
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of auricular flutter with | : 1 A-V conduction. Although the recent detailed work of Prinzmetal 
et al. (1951) has shown, in the experimental animal, by means of high-speed cinematography and 
direct lead electrocardiography, the unitary nature of auricular tachycardia and auricular flutter, 
we have preferred to label the present arrhythmia as auricular flutter with 1 : | A-V conduction. 

The dramatic response, probably life-saving, we witnessed in the present case is worthy of further 
comment. East and Bain (1948) state “ the human ventricle is not capable of maintaining rates of 
over 300, and speeds of over 200 are not well tolerated,’ while Gold (1950) states “* a rate (ventricular) 
of 230 a minute fatigues and damages the circulation.”’ In the present case with a ventricular rate 
of 260 a minute, maintained for three hours, and with absent peripheral pulses, the prognosis could 
rightly be regarded as grave. The abrupt response occurring during intravenous procaine amide 
therapy could scarcely have been fortuitous, or indeed the result of previous morphine administra- 
tion, although the latter may at times control cardiac arrhythmias (Sabathie, 1947). Of additional 
interest was the relief of pain, following the procaine amide injection. This information has been 
volunteered by other patients treated with intravenous procaine amide and would be predicted from 
the known local anesthetic properties of procaine derivatives. 

Finally, it must be recognized that procaine amide is a potent drug, and its slow intra- 
venous administration must be accompanied by electrocardiographic control, with immediate 
availability of appropriate antidotes to cover side-effects. 


SUMMARY 


A case of coronary thrombosis complicated by auricular flutter with 1 : | A-V conduction is 
described. The patient was in extremis at the time of starting intravenous procaine amide therapy. 
He regained sinus rhythm after 6 ml. (0-6 g.) had been injected over three minutes, and his further 
recovery was uneventful. 


We are grateful to Dr. Wallace Brigden for his general advice. We also record thanks to our house physicians, 
Drs. J. P. Werren and A. Blesowsky. 
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POSTSCRIPT 


Almost two years later (28/12/53) our patient was re-admitted with the same cardiac arrhythmia 
and circulatory collapse. When 7 ml. (0-7 g.) of procaine amide were injected over a period of 
seven minutes intravenously, the cardiac rate fell suddenly to 100 a minute. There was now 
electrocardiographic evidence of coronary thrombosis, from which he recovered uneventfully in 
six weeks, 








ABSTRACTS OF CARDIOLOGY 
Edited by J. L. Lovibond, in collaboration with Abstracts of World Medicine 


Cardiac Aneurysms: Clinicopathologic Studies. W. S. 
Puares, J. E. E>warps, and H. B. BURCHELL. Proc. 
Mayo Clin., 28, 264-271, May 6, 1953. 

Out of 40 specimens of ventricular aneurysm in the 

pathology registry of the Mayo Clinic for the years 

1916-51, 31 were located anteriorly, involving the apex, 

anterior wall, and the septum, and the remainder were 

posterior. Two only were calcified. Endocardial 
thrombi and pericardial adhesions were present in two- 
thirds of the specimens. The ages of the patients varied 
from 37 to 85 years. In one-quarter only had adequate 
rest been enjoined after infarction, while in half the cases 
there was no clinical history of infarction and presumably 
the patient had not rested at all. In the electrocardio- 
gram in all the cases of anterior aneurysm in which 
precordial leads had been taken, QS waves and raised 

S-T segments were present. 

The causes of death in the 40 cases were : congestive 
heart failure (16); acute coronary disease, often with 
recurrent infarction (15); and peripheral emboli (2). 
Causes not related to the cardiovascular system, such as 
carcinoma, accounted for 7 deaths. In no instance did 
the aneurysm rupture. C. W. C. Bain 


A Critical Analysis of the Clinical Value of Angiocardio- 
graphy in Congenital Heart Disease. J. F. Goopwin, 
R. E. Sterner, J. P. D. Mounsey, A. G. MACGREGOR, 
and E. J. Wayne. Brit. J. Radiol., 26, 161-184, April, 
1953. 


The authors describe their views based on 118 patients 
with some form of congenital heart disease investigated 
by angiocardiography at the Hammersmith Hospital, 
London, and the Royal Infirmary, Sheffield, from June, 
1948, to June, 1952. The diagnoses were as follows: 
tetralogy of Fallot, 43 cases; pulmonary hypertension 
with central cyanosis, 12; atrio-septal defect with right- 
to-left shunt, 3; transposition of the great vessels, 2; 
pure pulmonary stenosis, 5; pure pulmonary stenosis 
with interatrial communication, 9; ** pulmonary atresia ”’, 
7; tricuspid atresia, 3; Ebstein’s anomaly, 2; coarcta- 
tion of the aorta, 15; uncomplicated atrio-septal defect, 
2; patent ductus arteriosus, 12; miscellaneous, 3. The 
features of these various anomalies are described, 
together with a discussion of the appearances which led to 
the diagnosis of each condition. 

The cases have all been studied by the conventional 
method of injection into the antecubital vein, or by poly- 
ethylene tube passed into the subclavian vein or superior 
vena cava. Two types of apparatus were used, both 
hand-operated and giving a maximum of 2 exposures 
per second. The authors suggest that, while for most 
purposes this type of apparatus is satisfactory, in certain 
instances a more rapid method of examination in two 


planes simultaneously would have been of great value in 
the illustration of multiple and uncommon anomalies. 
They used the venous angiocardiography method for 
investigation of most of the cases of coarctation, and 
found that the retrograde method of aortography is 
superior to the venous method, which they find accords 
with the experience of most investigators. 

The first paragraph of their summary may well 
be quoted: ‘* Angiocardiography is not a routine diag- 
nostic method for indiscriminate use in all cases of con- 
genital heart disease. Its value in different lesions varies 
widely. Full clinical assessment is therefore essential to 
decide whether angiocardiography is likely to help.” 

R. A. Kemp Harper 


Studies Utilizing the Portable Electromagnetic Ballisto- 
cardiograph. IV. The Clinical Significance of Serial 
Ballistocardiograms following Acute Myocardial 
Infarction. H.MANDELBAUM and R. A. MANDELBAUM. 
Circulation (N. Y.), 7, 910-195, June, 1953. 


Serial ballistocardiograms were recorded in 100 
patients surviving their first attack of myocardial 
infarction, the degree of abnormality shown in the 
recordings being graded as minimal (1), moderate (II), or 
marked (III). In 41 cases a ballistocardiogram was 
recorded during the first week of the attack, and in 40 of 
these was classified as Grade II or worse. Of 65 patients 
with ballistocardiographic improvement to Grade II 
or better, 55 were able to return to employment or house- 
hold duties, one died of a second infarct, one showed 
deterioration to Grade-III abnormality after recovering 
from a second myocardial infarction, and the other 8 
were disabled by recurrent attacks of congestive heart 
failure or severe angina. Only 5 of the 35 patients 
with marked abnormalities in the ballistocardiogram 
(Grade III) were able to return to their former duties, 
while of the 30 remaining, 11 died and 19 were cardiac 
invalids. Inthe authors’ opinion “‘ the degree of ballisto- 
cardiographic recovery which each patient attains has 
proved to be a reliable yardstick upon which to venture a 
prognosis ”’. William A. R. Thomson 


The Bronchoscopic Measurement of Left Auricular 
Pressure. P.R. ALLISON and R. J. LINDEN. Circula- 
tion (N.Y.), 7, 669-673, May, 1953. 


A simple description is given of the technique of recording 
left auricular pressure by direct puncture of the auricle 
at bronchoscopy. A _ recording manometer is con- 
nected by fluid-filled polythene tubing to a 50-cm. 
metal bronchial-suction tube (internal bore 2 mm.), 
to the far end of which is welded a needle 6 cm. long, with 
an internal bore of 0-3 mm. The right main bronchus 
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is punctured antero-medially just beyond the carina. 
The needle is advanced some 4 cm. and then enters the 
left auricle. This approach is preferred to the oeso- 
phageal as, in the absence of obvious signs of infection, 
the bronchial wall has always been found to be sterile. 
No complications have occurred. 

No detailed analysis of results is presented, but tracings 
are reproduced which show good correlation between 
those obtained in this way and those obtained later at 
thoracotomy from the same patient. Comparison is also 
made between simultaneous records of left auricular pres- 
sure obtained bronchoscopically and the pulmonary 
** capillary ’’ pressure; the latter is thought to be a rela- 
tively unreliable way of obtaining left auricular pressure 
tracings. J. A. Cosh 


Experimental and Clinical Attempts at Correction of 
Interventricular Septal Defects. C. P. BAiLey, M. H. 
Lacy, W. B. NEPTUNE, R. WELLER, C. S. ARVANITIS, 
and J. Karasic. Ann. Surg., 136, 919-936, Dec., 1952. 


The authors first discuss the anatomy, embryology, 
and physiology of interventricular septal defects. In 
attempts to correct experimentally produced septal defects 
in dogs the authors have used two types of procedure: 
(1) for small defects a tapering pedicled tube of peri- 
cardium has been passed through the septal defect so as 
to occlude it completely; (2) for larger defects a flap of 
pericardium has been placed across the septum on the side 
of the greater intraventricular pressure. On subsequent 
examination after periods up to one year it was found 
that the pedicled tubes of pericardium retained a good 
blood supply for at least three months, whereas in the 
flat pericardial grafts degenerative changes occurred 
after one month, followed by almost complete hyaliniza- 
tion of the fibrous tissue and obliteration of the arterioles, 
with consequent atrophy and shrinkage of the graft, 
which showed no tendency to adhere to the septal wall. 
In view of these findings, the latter technique is considered 
unsatisfactory. The use of pedicled tubes of pericardium 
is necessarily limited to defects of less than 15 mm. in 
diameter, but it has been estimated that 85% of ventricular 
septal defects in man are of this size. R. L. Hurt 


Idiopathic Dilatation of the Pulmonary Artery. R. H. 
Goetz and M. NELLEN. S. Afr. med. J., 27, 360-367, 
May 2, 1953. 


The authors review reported cases of idiopathic dila- 
tation of the pulmonary artery and describe 4 cases 
of their own. The physical signs included a systolic 
murmur, varying in intensity, in the pulmonary area 
(in one case a diastolic murmur was also present) and a 
normal or accentuated pulmonary element of the second 
heart sound. In one case the second sound was dupli- 
cated in the pulmonary area. Cyanosis and clubbing 
were absent in every case. Fluoroscopy revealed 
enlargement of the main pulmonary artery and some 
enlargement of the right ventricle. Electrocardiograms 
were normal and cardiac catheterization did not demon- 
strate any left-to-right shunt, while the pressure in the 
right ventricle and pulmonary artery wasnormal. Angio- 
cardiography, which was performed in 3 cases, confirmed 
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the enlargement of the main pulmonary artery, but the 
result was otherwise normal. 
J. F. Goodwin 


Idiopathic Congenital Dilatation of the Pulmonary Artery. 
B. M. KapLan, J. G. SCHLICHTER, G. GRAHAM, and 
G. Miter. J. Lab. clin. Med., 41, 697-707, May, 
1953. 


The clinical diagnosis of idiopathic congenital dilata- 
tion of the pulmonary artery has until recently been 
difficult to establish. Little is known of its pathology, 
prognosis, or treatment. The authors present 6 fully 
investigated cases and discuss the differential diagnosis. 

Symptoms were remarkably absent, the patients being 
referred for investigation because murmurs had been 
heard. In no case was there cyanosis, clubbing, chest 
deformity, habitus gracilis, or heart failure. The second 
pulmonary sound was always accentuated. In each case 
there was a basal systolic murmur, sometimes accom- 
panied by a thrill. The remarkable feature of the 
murmur was its inconstancy, all the classifying features 
tending to change from time to time in a given patient. 
In 3 patients a short, inconstant, diastolic murmur was 
heard. Radiological examination showed the pulmonary 
artery to be enlarged and dynamic in all cases, but the 
** hilar dance *’ was not noted. The peripheral vascular 
markings were all normal. There was no abnormality of 
any chamber of the heart or of the aortic knob. Electro- 
cardiograms were normal and there was no evidence of 
any general arterial disease. 

Cardiac catheterization and blood oxygen studies 
showed that no shunt existed in either direction and that 
all pressures were normal. H. David Friedberg 


Traité des Cardiopathies Congénitales sous la direction de 
E. Donzelot et F. D’Allaines. Par R. HEIM DE BALSAC, 
C. METIANU, M. DuraAnpb, CH. Dusost, et M. ALLARY, 
N. Du BoucHetT, A. M. EMAM-Aapg, J. E. ESCALLE, 
B. LatscHa, J. LE BRIGAND et N. OECONOwoOs. 
Masson et Cie, Paris, 1954. Pp. 1118 with 1155 figures. 
14,650 francs. 


This monumental work from the H6pital de Broussais 
covers the whole field of congenital heart disease. Ina 
subject that is advancing so rapidly it is difficult to write 
a book and the authors are to be congratulated on their 
labours which have produced a work that is so complete 
and up to date. It is based on the very wide experience 
of the authors during the last ten years and on a very 
complete review of the world literature. It will serve as 
a work of reference for a long time, for the groups are 
clearly arranged and extensive lists of references to 
papers on that subject follow each chapter. 

The book starts with a description of the methods of 
examination and investigation, including excellent sec- 
tions on angiocardiography and cardiac catheterization. 
It then deals with the congenital heart conditions without 
a shunt, secondly with those with an arterio-venous 
shunt, and then the longest section on those with a 
veno-arterial shunt. The writer has looked up many 
points in which he has been specially interested and has 
always found a good discussion of the point in question. 
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In general, where there are differences of opinion, the 
different views are given fairly with the author’s pre- 
ferences and although inevitably in such a large work 
there are many authors, the whole seems well co- 
ordinated. There are good illustrations both of radio- 
logy and electrocardiography, but perhaps the patho- 
logical anatomy is not treated as fully as the clinical 
picture. Great pains have been taken to see that all 
the figures are accompanied by good descriptive legends, 
which adds greatly to the book. The findings of cardiac 
catheterization and angiocardiography in the different 
groups are well described and illustrated. 

As a minor criticism it seems a pity that the authors 
continue the French custom of speaking of Fallot’s 
trilogie. This separates pulmonary valvular stenosis 
with an inter-atrial shunt from pure pulmonary valvular 
stenosis with which it has such close connections. The 
only drawback to the book is the inevitable high cost 
of such work. Maurice Campbell 


Etudes Electrocardiographiques. JEAN LAHAM. Vol. 1. 
Libraire Maloine, Paris, 1954. Pp. 288. 1600 francs. 


This volume covers, in a most complete way, the electro- 
cardiography of cardiac infarction, coronary insufficiency, 
and pericarditis. It is, therefore, more a reference book 
for those working at the subject than a textbook for the 
student. The ground is covered most thoroughly with 
short accounts of the history and of the experimental 
work as well as of the main subject—the clinical 
importance of electrocardiography. 

After a general introduction, chapters are devoted to 
anterior, posterior, and lateral infarcts, and those of the 
septum and apex. Special difficulties that arise with 
bundle branch block are discussed at some length and a 
chapter deals with aneurysms of the ventricle and other 
complications. This forms the bulk of the book and 
coronary insufficiency is, perhaps, covered less completely. 

To show the value of the book to the advanced student, 
there are nearly a thousand references on the subject of 
pericarditis chosen from the world literature and not 
only from the French. Where opinion is still unsettled 
the author gives the views fairly and clearly and the book 
seems well balanced. 

It is strange to see this book without an electrocardio- 
gram. Probably it was felt that this would make the 
length too great: full illustration might be impossible, 
but the author would have added to our indebtedness if 
he had chosen a relatively small number of cardiograms 
that he thought specially characteristic of the subjects 
discussed. Maurice Campbell 


Circulatory Dynamics. Cart J. WiGGerS, M.D., Sc.D., 
F.A.C.P., Professor of Physiology, Western Reserve 
University. New York: Grune and Stratton, 1952. 
Pp. 107, Figs. 44. $4. 


In these days of extensive physiological research in 
cardiology a clear and comprehensive account of clinical 
applications of the experimental aspects of circulatory 
dynamics is a welcome contribution. This work deals 
with the practical information which can be gained from 


arterial pressure readings and pulse records, applying it 
to the dynamics of hypertension. The physiological 
adaptability of the ventricles to altered circulatory states, 
and the interpretation of ventricular pressure curves in 
relation to myocardial disease are fully discussed and 
well illustrated by tracings and figures. The author’s 
work in this field is widely known, and he has succeeded 
in providing in this monograph an excellent summary of 
the subject which will be helpful to all clinical 
investigators. J. L. Lovibond 


Hormonal and Neurogenic Cardiovascular Disorders. 
WILHELM Raas, M.D., F.A.C.P., F.A.C.C., F.C.C.P. 
Professor of experimental medicine and head of 
cardiovascular research unit, University of Vermont. 
London: Bailliére, Tindall & Cox, 1953. Pp. 722. 
114s. 


As the role of the hormones grows more familiar some of 
our traditional concepts in cardiology become less tenable, 
particularly when based on mechanistic rather than bio- 
chemical principles. Much of the contemplative but 
highly stimulating material in this book is founded on 
problematical speculation, yet it manages to display 
considerable flexibility of thought and argument. The 
author has provided a work of great interest to cardio- 
logists, one likely to furnish many fresh ideas for future 
research. The first section is devoted to the experi- 
mental effects of individual hormones on the cardio- 
vascular system. In the second the author describes the 
cardiac features of different endocrine disorders; and in 
the third he surveys the influence of hormones and 
endocrine effects on cardiac syndromes. He has studied 
especially the action of the adrenal gland and discusses 
how oxygen economy of heart muscle is governed by a 
complex interplay of adrenalin secretion and vagal tone. 
Of the many clinical problems considered angina, 
hypertension, and syncope are three in which hormonal 
influences play a part worthy of more critical study. 
The book, which is illustrated, contains no less than 
3726 references. J. L. Lovibond 


The Pathogenesis and Treatment of Thrombosis. IRVING 
S. WriGuT, M.D., Professor of Clinical Medicine, 
Cornell University. New York: Grune & Stratton, 
1952. Pp. 78, Figs. 27. $3. 


Clinical pathologists and physicians alike will profit 
from the author’s presentation of his ideas on the action 
and dosage of a variety of anticoagulant drugs. This 
modest work includes an impartial discussion of the 
present-day views about the complicated reaction of 
blood coagulation, with a wry comment that as yet no 
test for clotting factors is entirely adequate. It contains 
some interesting remarks on the relationship of thrombo- 
phlebitis to malignant disease, familial and individual 
thrombosing tendencies, cold hemagglutination, and 
ACTH therapy. The increased sensitivity to dicoumarol 
caused by starvation, alcoholism, and certain antibiotics 
is also discussed. It concludes with a useful appendix 
of practical notes on the relevant laboratory techniques 
employed in anticoagulant therapy. J. L. Lovibond 
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Physiologic Therapy for Obstructive Vascular Disease. 
Isaac STARR, M.D., Hartzell Research Professor of 
Therapeutics, School of Medicine, University of 
Pennsylvania, Philadelphia. New York: Grune & 
Stratton. Pp. 38. $2. 


Written in reminiscent vein and presented with a strongly 
personal flavour this is an essentially readable paper. 
Its material comes from the George E. Brown Memorial 
Lecture given before the American Heart Association in 
1952. Although it contains no fresh researches it pro- 
vides an admirable summary of earlier work in this field, 
and pays healthy tribute to Lewis’s influence on the 
physiology of cutaneous blood vessels. J. L. Lovibond 


Correlative Cardiology: An Integration of Cardiac 
Function and the Management of Cardiac Disease. 
CARL F. SCHAFFER, M.D., F.A.C.P., and DAN. W. 
CHAPMAN, M.D., F.A.C.P. Philadelphia and London: 
W. B. Saunders Company, 1952. Pp. 525. £2 7s. 6d. 


Where it is illustrated by diagrams, of which many are 
original, this book becomes a dramatised version of the 
‘* synopsis ”’ variety of textbook. Elsewhere its tabulated 
pages do not make for clear correlation of cardiac prob- 
lems nor indeed for easy reading. With its summary 
lists of dogmatic statements it is little more than an 
ambitious, if inaccurate, aide-mémoire which can have 
no practical place as a reference book, but may be more 
popular with students whose examinations are imminent 
and, to a lesser extent, with teachers whose clinical 
approach is more didactic than critical. 
J. L. Lovibond 


A Comparison of Direct and Indirect Blood-pressure 


Determinations. L. N. Roserts, J. R. SMILEY, and 
G. W. MANNING. Circulation (N.Y.), 8, 232-242, 
Aug., 1953. 


Should the diastolic blood-pressure reading be made at 
the moment of disappearance or of muffling of the 
arterial sounds? In an attempt to answer this question 
the authors compared the blood-pressure readings ob- 
tained on 50 patients by the ordinary sphygmomano- 
meter method with the direct intra-arterial pressure as 
recorded by an electromanometer and a strain-gauge 
nanometer. In measuring the blood pressure by the 
-uff-and-stethoscope method, the manometer reading was 
observed at two different moments, one at the muffling 
of the sounds (Korotkow’s 4th phase), the other at their 
disappearance (Sth phase). In the direct method a needle 
vas introduced into the brachial artery and connected 
hrough a three-way tap to each of the two manometers 
n turn. 

The highest systolic readings were recorded by the 
‘lectromanometer, these being 12 mm. Hg higher than 
he sphygmomanometer readings and 8 mm. higher than 
hose on the strain-gauge manometer. The diastolic 
eadings by both direct methods were almost identical 
ind were 3 mm. Hg lower than the sphygmomanometer 
eadings taken at the 4th phase and 7 mm. Hg higher 
han those taken at the Sth phase. 

In a further study the blood pressure of 15 healthy 


ABSTRACTS 








335 


young nurses was measured before and after exercise, 
each observation being made by 3 different physicians. 
It was found that the reading made at the 4th phase 
(muffling) fluctuated much less after exercise than that 
at the 5th phase (disappearance). It is concluded that 
measurements recorded at the moment of muffling of the 
Korotkow sounds is a more accurate index of the dia- 
stolic pressure than those made at their disappearance. 
C. W. C. Bain 


Headache and Hypertension. I. McD. G. STEWART. 


Lancet, 1, 1261-1266, 1953. 
The clinical significance of symptomatic headache in 
hypertension was studied in 200 consecutive patients with 
a diastolic blood pressure of 120 mm. Hg or higher. In 
most patients the headaches were considered to be the 
result of anxiety. No fewer than 104 were unaware that 
they had a raised blood pressure, and only 17 of these 
would admit to having headaches. A characteristic pat- 
tern of organic hypertensive headache could be defined 
only with difficulty. Although this type of headache was 
not common it had certain distinguishing features: it was 
severe, resembling migraine, with onset soon after the 
blood pressure began to rise; it was of short duration, 
though perhaps recurrent, and was not related to the 
rise in diastolic blood pressure or to the left ventricular 
state. Organic headache was noted relatively often 
within the syndrome of malignant hypertension and also 
in women at the menopause. The author draws atten- 
tion to the fallacy of ‘‘ acclaiming any treatment of 
hypertension in virtue of its alleged cure of headache.” 
This symptom can seldom be regarded as a reliable 
diagnostic or prognostic aid in hypertension. 
J. L. Lovibond 


Combined Adrenalectomy—Sympathectomy in the Treat- 
ment of Patients with Essential Hypertension. H. A. 
ZINTEL, J. A. MACKIE, W. A. JEFFERS, C. C. WOLFERTH, 
A. G. Hits, A. M. SELLERS, and J. H. HAFKENSCHIEL. 
Surgery, 34, 438-444, Sept., 1953. 


Experience at the Hospital of the University of Penn- 
sylvania has led the authors to believe that the combination 
of adrenalectomy and sympathectomy is a satisfactory 
form of treatment for severe essential hypertension. 
During the last 3 years 69 patients have been treated in 
this way. When classified by Smithwick’s method, half 
these patients were placed in Group 4 and the remainder 
equally distributed between Groups 2 and 3. 

The operation most often performed consisted in the 
subtotal (approximately 95°%%) removal of one adrenal 
gland and a modified Adson type of sympathectomy on 
the same side, followed a week later by total adrenalec- 
tomy and a similar sympathectomy on the other side. 

There were 2 operative deaths, giving an operative 
mortality of 3°, and 9 deaths occurred 1 to 35 months 
after operation, the total mortality thus being 16°%. The 
blood pressure was satisfactorily reduced (diastolic 
100 mm. Hg or less on standing) in 49% of cases after 
operation, while in another 40°% the symptoms and signs 
were improved, the blood pressure remaining elevated. 
A fall in blood pressure was less often achieved in 
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Group-4 cases than in the others, but it is considered 
that the majority of the 33 patients in this group benefited 
from the operation. Most patients with impending or 
frank heart failure improved, but those with impaired 
renal function did not, and most of the deaths occurred 
in patients with severe renal damage. In such cases, 
therefore, adrenalectomy is considered to be inadvisable. 
Although it was hoped that by leaving a small amount 
of adrenal tissue the necessity for replacement therapy 
might be avoided, it was found that whenever a favour- 
able blood-pressure response was obtained, small daily 
doses of cortisone, with or without deoxycortone and 
sodium chloride, were usually required. Such patients 
must always remain in the hands of physicians versed in 
the problems of maintenance therapy. C. J. Longland 


Splanchnicectomy for Essential Hypertension. Results in 
1266 Cases. R. H. SmitHwick and J. E. THomMpPsoNn. 
J. Amer. med. Ass., 152, 1501-1504, Aug. 15, 1953. 


In this report the authors compare the survival and 
mortality rates among 1266 patients with hypertension 
who were treated at the Massachusetts Memorial Hos- 
pitals by thoraco-lumbar sympathectomy with those 
among 467 patients equally suitable for operation, but 
who refused it for reasons unconnected with the severity 
of their disease. Both series were divided into 4 groups 
according to the level of blood pressure and the degree 
of cardiovascular disease present (assessed on a points 
basis from a number of factors). The operative mor- 
tality ranged from nil in Group 1 (the mildest cases) to 
11% in Group 4 (the most severe cases). 

At the end of 5 years the mortality in each of the 
groups was considerably lower in the operated series 
than in the series refusing operation. [It is not stated 
whether or not operative deaths are included in this 
comparison.] This difference in mortality between the 
two series was highly significant (p<0-001) in all groups, 
but was most marked in Group 2 (13% in operated 
cases, 38°%% in non-operated cases) and Group 3 (20% and 
71% respectively). These two groups may be described 
approximately as including patients with evidence of 
hypertensive changes in the eyes, heart, brain, or kidneys, 
not amounting to gross failure. 

In view of these findings the authors consider that 
sympathectomy is the treatment of choice for hyper- 
tension in cases falling into Groups 2 and 3, though 
some of these patients may need treatment by diet or 
drugs in addition. They also regard sympathectomy as 
worth while in Group-4 cases when the general condition 
is satisfactory, and in certain Group-1 cases, such as 
those in which intractable symptoms are present. 

C. J. Longland 


Preliminary Observations of ‘*‘ Rauwiloid ’’—Hexa- 
methonium Combined Therapy of Hypertension. R. V. 
Forp and J. H. Moyer. Amer. Heart J., 46, 754-763, 
Nov., 1953. ; 


The authors treated 19 out-patients suffering from hyper- 
tensions with hexamethonium by mouth, starting with 
250 mg. 4 times daily and gradually increasing the dose 
until the optimum response was obtained. After at least 


6 months “ rauwiloid *’, an extract of Rauwolfia serpen- 
tina, was also given orally, in an intial dose of 2 mg. 
4 times daily, gradually increasing to 32 mg. daily. 
(It is stated, however, that experience has since shown 
that 8 to 12 mg. a day is adequate.) In another series 
of 6 patients the process was reversed, rauwiloid being 
given initially for 3 months and then supplemented with 
hexamethonium. In the first group the administration 
of hexamethonium alone caused a reduction in the average 
mean blood pressure (diastolic pressure plus one-third of 
the pulse pressure) from 150 (199/125) to 104 (136/88) 
mm. Hg, and there was a further fall to 97 (127/83) mm. 
Hg when rauwiloid was added. There was also a de- 
crease in the average pulse rate after adding rauwiloid. 
In the second group rauwiloid alone caused a decrease 
in average mean blood pressure from 159 (208/134) to 
137 (183/113) mm. Hg, and after hexamethonium was 
added there was a further fall to 104 (147/83) mm. Hg. 
In all 25 patients the mean blood pressure fell by at least 
20 mm. Hg. When hexamethonium was given alone the 
average daily dose necessary to produce an optimal 
reduction in blood pressure was 2-6 g.; this could be 
reduced to 1:7 g. when the hexamethonium was sup- 
plemented with rauwiloid. Rauwiloid gave rise to no 
unpleasant side-effects. 

The authors regard rauwiloid, given alone, as the drug 
of choice for the initial treatment of mild, labile hyper- 
tensive disease, but suggest that if in such a case there 
is no response after 6 to 8 weeks, ** apresoline ’’ (hydral- 
lazine) or “ veriloid’’ should be given in addition. 
Rauwiloid should also be given initially in cases of severe 
but not rapidly progressive hypertensive disease, to be 
supplemented with hexamethonium if no satisfactory 
response is obtained after 6 to 8 weeks. On the other 
hand in severe and rapidly progressive hypertensive 
disease (without renal failure) hexamethonium is, in 
the authors’ opinion, the drug of choice, to be sup- 
plemented with rauwiloid if necessary, while in the severe 
malignant type of hypertension and in hypertensive 
emergencies treatment with hexamethonium given intra- 
muscularly, or with veriloid by continuous intravenous 
infusion or intramuscularly, is to be preferred. 

William A. R. Thomson 


Hypertension and Coronary Occlusion. A.M. MASTER. 
Circulation (N.Y.), 8, 170-177, Aug., 1953. 


The author has re-examined the relationship between 
hypertension and coronary occlusion. Previously he had 
shown that hypertension was a significant factor in the 
development of coronary occlusion in both men and 
women if a blood pressure of 150/90 mm. Hg was 
accepted as the lower limit of hypertension; in fact, it 
was found that hypertension preceded coronary occlusion 
in 56% of men and 80% of women. Subsequently new 
criteria for the definition of hypertension were deter- 
mined by examining 74,000 working men and women 
between the ages of 16 and 65. The lower limit of 
hypertension was found to vary in men from 145/90 mm. 
Hg at the age of 16 to 190/110 mm. Hg at the age of 
60 to 64. In women the corresponding figures were 
140/90 mm. Hg and 190/110 mm. Hg. 

Adopting these new criteria the author examined 
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the records of 500 men and 100 women, all private 
patients under the age of 65, who had had coronary 
occlusion. In 478 of the 600 blood pressure had been 
determined before the occlusion occurred; in the 
remainder clinical judgment was the guide to previous 
blood pressure. It was found that hypertension had 
been present in 130 (27%) of the men and in 71 of the 
women before coronary occlusion developed. It is con- 
cluded that hypertension is not nearly so important a 
factor in the etiology of coronary occlusion in men as 
it is in women. Keith Ball 


Coronary Heart-disease and Physical Activity of Work. 
I. Coronary Heart-disease in Different Occupations. 
II. Statement and Testing of Provisional Hypothesis. 
J. N. Morris, J. A. HEapy, P. A. B. RAFFLE, C. G. 
Roserts, and J. W. Parks. Lancet, 2, 1053-1057 and 
1111-1120, 1954. 


Statistical analysis of the incidence of coronary heart 
disease among certain employees of London Transport 
Executive during 1949 and 1950 showed that angina 
pectoris or angina of effort was commoner among the 
conductors of buses and trams than among the drivers, 
whose work is physically lighter, whereas coronary throm- 
bosis causing ‘* immediate’’ death was more often 
encountered among the latter. Moreover, the total 
incidence of coronary disease was higher among the 
drivers and the immediate mortality more than double 
that among the conductors in all age groups. In a 
similar study undertaken among postal workers and civil 
servants, especially men in the age group 35-59 years, 
the total incidence and case-fatality of coronary heart 
disease were again found to be lower, and the incidence 
of angina pectoris higher, among the more physically 
active (postmen) than among the more sedentary grades, 
such as telephonists, executives, and clerks. 

On the basis of these findings the authors adopted a 
provisional hypothesis, which is summarized as follows. 
** Men in physically active jobs have a lower incidence 
of coronary heart-disease in middle age than have men 
in physically inactive jobs. More important, the disease 
is not so severe in physically active workers, tending to 
present first in them as angina pectoris and other rela- 
tively benign forms, and to have a smaller early case- 
fatality and a lower early mortality-rate.” This hypo- 
thesis was then tested in three ways. (1) The observa- 
tions on transport and postal workers were repeated 
during 1951 and 1952, and again showed lower early 
mortality rates from coronary disease among the more 
active workers (conductors and postmen) than the less 
ictive workers (drivers and telephonists). (2) A study 
was made of the mortality from coronary heart disease 
n various occupations as given in the Registrar General’s 
figures for 1930-32, the results again supporting the 
hypothesis that mortality from coronary disease as a 
whole during middle age is lower among heavy than 
imong light workers. (3) The death certificates of all 
nen aged 45-74 dying from coronary heart disease in 
London and the Home Counties in the first week of 
March, 1952, and a one-in-three sample of those dying 
n the second week were studied. Analysis showed that 
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among the men whose occupation was classifiable as 
** heavy ”* the proportion who died in a first attack of the 
disease was considerably less than among those classified 
as “light’’ workers, suggesting that coronary heart 
disease occurs in a more benign and chronic form among 
the former than among the latter. 

A. I. Suchett-Kaye 


Transient Cardiac Arrhythmia Induced by Non-penetrating 
Trauma to the Chest. H.B.TAyYLor. Amer. Heart J., 
46, 557-564, Oct., 1953. 


The author has analysed the 349 reported cases of heart 
disease secondary to non-penetrating trauma and de- 
scribes 3 others. 

He points out that in two-thirds of the recorded cases 
in which there was a resultant arrhythmia other evidence 
was found of permanent cardiac lesions, and some of 
these patients died. Transient arrhythmia appears to be 
uncommon as a result of trauma, although it occurred 
in his own 3 cases, in which there was no evidence of 
permanent cardiac damage. He suggests that arrhythmia, 
if it occurs in this type of case, is due to contusion of the 
right auricle at the angle between the heart and the liver 
near the entry of the inferior vena cava, with consequent 
damage to the conducting syste n. G. S. Crockett 


Nature of Spontaneous Auricular Flutter in Man. Report 
of a Case Observed Directly during Cardiac Surgery. 
M. PRINZMETAL, A. GOLDMAN, E. GERLACH, and 
R. KENNAMER. J. Amer. med. Ass., 153, 553-555, 
Oct. 10, 1953. 


Although the circus-movement theory of Lewis may 
explain auricular flutter caused by certain types of experi- 
mental injury to the heart, evidence is accumulating that 
the mechanism of spontaneous auricular flutter in man 
is of a different nature. Careful analysis of the electro- 
cardiogram shows that an isoelectric interval commonly 
follows the auricular complex in this disorder, suggesting 
that auricular diastole occurs between successive con- 
tractions; this would hardly be expected if flutter is 
due to a self-perpetuating circus rhythm. Moreover, 
tracings from intra-cesophageal leads in cases of flutter 
show that an impulse spreads from a caudally placed 
ectopic focus to the cephalic extremity of the auricle 
and does not return to its site of origin. 

The authors now report the study by cinematography 
of a case of naturally occurring auricular flutter in a 
49-year-old woman undergoing valvotomy for mitral 
stenosis. Projection of the film at the normal speed 
(thus showing the action of the heart in slow motion) 
showed contractions beginning simultaneously from a 
caudal focus and spreading synchronously through both 
auricles in a cephalic direction. Each contraction 


(systole) was followed by a period of relaxation (diastole), 
which was approximately twice as long as_ systole. 
Direct evidence is thus presented which is incompatible 
with Lewis’s theory, and confirms the electrocardio- 
graphic evidence that about 95% of cases of auricular 
flutter in man are due to an ectopic focus in the caudal 
A. Paton 


region of the auricle. 
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A Study of the Distribution of Water in 26 Cases of 
Severe Heart Failure. R. Tricot, P. VERNANT, 
P. Meupic, and R. Prost. Arch. Mal. Ceur, 46, 710- 
727, Aug., 1953. 


The authors have studied 26 cases of cardiac failure 
of varied etiology at the H6pital Lariboisiére, Paris, in 
an attempt to elucidate anomalies in fluid distribution 
and in the response to treatment in such cases. No cor- 
relation was found between clinical edema and blood 
volume, venous pressure, extracellular fluid volume, or 
osmotic pressure, the best guide to the volume of 
cedematous fluid being the patient’s weight. The osmotic 
pressure of the extracellular fluid (estimated by the cryo- 
scopic method) was normal in about half the cases and 
grossly raised or lowered in the others. In most of the 
cases the blood volume and electrolyte levels approxi- 
mated to normal values. The chief electrolyte values 
in the cedema fluid varied little from those in the blood. 

Several clinical types of heart failure were differentiated, 
as follows. (1) The common form, with oedema. 
effusions, and no dehydration responded well to digitalis, 
salt restriction, and the administration of diuretics unless 
there was gross myocardial damage or an endocrine cause 
for water imbalance. (2) Forms with cellular hyper- 
hydration were seen after prolonged water- and salt- 
depletion therapy. In such cases diuresis diminishes, 
cedema increases, and anorexia, nausea, vomiting, 
cramps, headaches, behaviour changes, convulsions, 
hypothermia, papilledema, and disturbances in the 
electrocardiogram may occur. Out of 3 such patients 
seen, one died in coma but the 2 others improved after 
administration of salt and the intravenous injection of 
hypertonic glucose respectively. (3) Forms with cellular 
dehydration. These are commonly the result of water 
restriction without salt restriction. There is intolerable 
thirst, dryness of the skin and mucous membranes, 
cramps, Cheyne-Stokes respiration, and eventually a 
picture of uremic coma. These patients were treated 
by being given water to drink or by the intravenous 
infusion of hypotonic glucose. The majority of patients 
with cardiac failure have a raised blood volume. In this 
series, however, 2 patients who had had prolonged severe 
depletive therapy had a lowered blood volume; both had 
cellular hyperhydration. One was treated by plasma 
transfusion and made a rapid recovery. 

[It is interesting to compare this paper with the three 
papers on the same subject by Elkinton et al. (Circulation 
1951, 4, 679, 697, and 868; Abstracts of World Medicine, 
1952, 11, 159, 160, and 263).] D. Goldman 


Thromboembolic Complications during Intensive Treat- 
ment of Cardiac Decompensation. J. GORMSEN. 
Ugeskr. Leg., 115, 1395-1401, Sept. 17, 1953. 


The author has analysed the case records of patients 
with heart failure under treatment in two different 
Danish hospitals to discover whether more intensive 
cardiac therapy was associated with a higher incidence 
of thrombo-embolic catastrophes. The series from one 
hospital consisted of 116 patients who were given stro- 
phanthin-G (ouabain) and mercurial diuretics, and the 
series from the other of 99 patients who were treated 


conservatively, 75 of them by the oral administration of 
digitalis and the remainder by intravenous injection of 
diuretics. The groups were considered to be com- 
parable, although the first contained a higher proportion 
of elderly patients. 

In the first group of 116 cases, thrombo-embolic 
episodes occurred in 47 cases, causing 21 deaths; in 
the second group of 99, there were 7 such episodes, all of 
which were fatal. The over-all mortality was 31% in 
the first group and 24% in the second. The author 
suggests that intensive therapy in heart failure may 
increase the danger of thrombosis and embolism, point- 
ing out that it has been shown that rapid diuresis raises 
blood viscosity, and that digitalis and mercurial diuretics 
are known to shorten the clotting time of the blood. 

B. Nordin 


Commissurotomy in 100 Cases of Mitral Stenosis. 
F. D’ALLAINES, C. DuBost, and —. BLONDEAU. Mém. 
Acad. Chir. (Paris), 79, 572-581, 1953. 


The authors discuss their experience of commissurotomy 
in the treatment of mitral stenosis, and analyse the 
results in the first 100 cases out of a total of 130 treated 
at the H6épital Broussais, Paris, since February, 1951]. 
They accept as particularly suitable for operation the 
classic type of case of pure mitral stenosis with a pre- 
dominantly respiratory symptomatology, and firmly reject 
those cases with active rheumatism, multiple valve lesions, 
and an advanced degree of failure. Between these 
obvious extremes lie many types of case the suitability 
of which for operation they discuss in some detail. 
(1) Those cases with unfavourable features, such as 
disturbances of rhythm, valvular calcification, previous 
history of embolism, and Osler’s nodes, which, however, 
do not exclude operation. (2) Patients with a persistent 
fever in the absence of active rheumatism are not un- 
common, are not necessarily associated with auricular 
clot, and cause no particular difficulty at operation. 
(3) Patients with right heart failure without gross peri- 
pheral signs, some of whom have been subjected to 
operation as being their only chance of improvement. 
Among 21 such cases, there were 3 deaths, while 7 of 
the survivors were slightly improved and 11 considerably 
improved. In the more severe cases of this type the 
authors perform a preliminary ligation of the inferior 
vena cava, followed by valvotomy 6 to 24 months later. 
Among 4 such cases the result in 1 was ** excellent *’, in 2 
** good *’,andin1‘* poor’’. (4) The presence and degree 
of mitral regurgitation may be difficult to assess clinically 
and radiologically, which sometimes leads to the finding 
of unsuspected mitral incompetence at operation. Good 
results have been achieved in some such cases with minor 
degrees of reflux, and therefore operation should not be 
denied to patients in this category. 

In the selection of cases the authors rely mainly on 
clinical assessment, deriving little help from radiology, 
electrocardiography, or cardiac catheterization. 

There were 7 deaths, 6 of which occurred from a 
variety of causes in the first 11 days after operation, 
while the seventh was that of a patient who underwent a 
satisfactory valvotomy, but showed no clinical improve- 
ment and died 30 days later, when it was found that the 
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cusps had re-fused; this must be a very unusual com- 
plication. 

Of 61 cases followed up for 6 or more months, in 
38 (70%) the result was “* excellent ’’, in 11 (20%) it was 
*“ good", in 3 (5%) the condition was unchanged, and 
in 3 (5°%) it was worse. 

A. M. Macarthur 


Tomographic Studies of the Pulmonary Veins in Mitral 
Stenosis. J. MONIZ DE BETTENCOURT, A. SALDANHA, 
and J. C. BARRETO Fracoso. J. belge Radiol., 36, 
263-275, 1953. 


The authors stress that there is difficulty in demon- 
strating the pulmonary veins on the plain radiograph, 
and that tomography is the method of choice. Their 
tomographic technique consists in taking 8-mm. cuts 
with a displacement angle of 30 degrees, the factors being 
100 mA and 65 kV at 110 cm. focus-film distance. In 
this report they present their results in 50 cases of mitral 
disease, in 30 of which pulmonary arterial and “ capil- 
lary ’’ pressures were obtained by cardiac catheterization. 
The pulmonary veins seen on tomography were classified 
according to three main groups, small, medium, and 
large. 

Their findings showed that, contrary to the classic 
conception, mitral lesions do not necessarily cause 
enlargement of the pulmonary veins. Large-calibre 
veins were found in patients with sinus rhythm, practic- 
ally no enlargement of the left auricle, and a normal or 
slight rise in pulmonary capillary pressure. Small- 
calibre veins were found mostly in patients with auricular 
fibrillation, a large left auricle, and a great increase in 
pulmonary capillary pressure, although in a few cases 
of oedematous mitral stenosis with high pulmonary 
pressure large veins were seen. Enlargement of the 
left auricle causes displacement of the pulmonary veins, 
so that in cases of gross enlargement of the auricle the 
veins cannot be visualized by tomography. The authors 
believe that their findings confirm what they have long 
suspected—the existence of a barrier in the pulmonary 
arterioles, although the exact role of this barrier as a 
protection against pulmonary oedema still requires 
elucidation. In discussing the radiological finding of 
pulmonary veins of normal calibre in cases with high 
pulmonary capillary pressure, the authors suggest that 
increased venous tone is the most likely explanation. 

B. Green 


Antibiotic Therapy of Bacterial Endocarditis. IV. Suc- 
cessful Short-term (Two Weeks) Combined Penicillin— 
Dihydrostreptomycin Therapy in Subacute Bacterial 
Endocarditis Caused by Penicillin-sensitive Streptococci. 
J. E. Geraci and W. J. Martin. Circulation (N.Y.), 
8, 494-509, 1953. 


In view of the finding that the action of penicillin on 
penicillin-sensitive streptococci is increased by the 
addition of streptomycin, 23 consecutive patients with 
penicillin-sensitive streptococcal endocarditis were given 
a combination of aqueous procaine benzyl penicillin and 
dihydrostreptomycin. In 20 of these cases Strepto- 
coccus mitis had been isolated, and in 2 Str. salivarius; 
in the remaining case the organism was unidentified. 
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Details of the daily dosage of the two drugs, which were 
given in various combinations for a period of two weeks, 
are given. 

Mild sensitivity reactions appeared in only 3 cases; 
in no case was the eighth nerve damaged. Five patients 
died: one of cardiac infarction, one of cerebral embolism, 
and 3 of congestive heart failure. In the one instance in 
which a post-mortem culture of the valves was obtained 
it was sterile. The remaining 18 patients have been 
followed up for 3 to 26 months. All except one, in 
whom there was a recurrence of infection after one year, 
have remained well. 

The authors consider that the 2-week course as out- 
lined above is sufficient to cure infective endocarditis 
due to penicillin-sensitive streptococci; they suggest that 
a shorter course might be equally effective. 

Arthur Willcox 


Atrio-septo-pexy for Interatrial Septal Defects. C. P. 
BaILey, H. E. BoLTon, W. L. JAMISON, and W. B. 
Neptune. J. thorac. Surg., 26, 184-219, Aug., 1953. 


The authors describe and illustrate the various types 
of interatrial septal deficiency and the various methods 
which have been introduced for closing such defects 
surgically, discussing the merits and demerits of each. 
The frequent occurrence in such cases of anomalous 
pulmonary venous drainage and of mitral stenosis 
(Lutembacher’s syndrome) is emphasized, and it is 
pointed out that such coexisting anomalies should be 
dealt with at the time of closure of the atrial defect. 

The results in the 21 cases in which this technique has 
been used at the Hahnemann Hospital, Philadelphia, are 
presented and the essential details given in tabular form. 
There were 14 cases of defect of the septum secundum 
(2 with coexisting mitral stenosis and 5 with anomalous 
pulmonary veins), with 2 operative deaths, and 7 cases 
of persistent ostium primum, with 3 deaths which were 
not directly due to the operative technique. Clinical 
improvement was notable in all the survivors. 

[This article deals very extensively with many aspects 
of the subject and is impossible to abstract satisfactorily ; 
it is comprehensive and well illustrated and should be 
carefully studied by all interested in the treatment of this 
condition.] W. P. Cleland 
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The essays which comprise this small book are drawn 
from monthly sections in Circulation on ‘ Clinical 
Progress.’’ A symposium on atherosclerosis, occupying 
half the book, reviews the latest ideas of cholesterol 
metabolism. This is followed by useful chapters on 
cardiac emergencies, surgery in mitral stenosis, manage- 
ment of cardiac patients undergoing surgery, and the 
circulatory effects of emotion. Much ground is covered 
in these papers, and they provide an excellent and up-to- 
date survey of these clinical problems. The monograph 
succeeds in its attempt to review the more recent ad- 
vances in medical progress and is well referenced and 
indexed. J. L. Lovibond 





